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ABSTRACT
Improving subjective sound quality of enhanced signals is one of
the most important missions in speech enhancement. For evaluat-
ing the subjective quality, several methods related to perceptually-
motivated objective sound quality assessment (OSQA) have been
proposed such as PESQ (perceptual evaluation of speech quality).
However, direct use of such measures for training deep neural net-
work (DNN) is not allowed in most cases because popular OSQAs
are non-differentiable with respect to DNN parameters. Therefore,
the previous study has proposed to approximate the score of OS-
QAs by an auxiliary DNN so that its gradient can be used for train-
ing the primary DNN. One problem with this approach is instability
of the training caused by the approximation error of the score. To
overcome this problem, we propose to use stabilization techniques
borrowed from reinforcement learning. The experiments, aimed to
increase the score of PESQ as an example, show that the proposed
method (i) can stably train a DNN to increase PESQ, (ii) achieved
the state-of-the-art PESQ score on a public dataset, and (iii) resulted
in better sound quality than conventional methods based on subjec-
tive evaluation.
Index Terms— Speech enhancement, sound quality assessment,
perceptual evaluation of speech quality, function approximation.
1. INTRODUCTION
Speech enhancement, which aims to recover the target speech from
a noisy observed signal, is a fundamental task in a wide range of
speech applications including automatic speech recognition (ASR)
[1] and telecommunication [2]. In these applications, the objectives
of enhancement are different; the former is for helping machine lis-
tening, while the latter is for helping human listening. This study
focuses on the latter, where the subjective sound quality of the en-
hanced speech signal is the target of improvement.
Over the last decade, the use of deep neural network (DNN)
for speech enhancement has substantially advanced the state-of-
the-art performance [3–15]. The popular strategy is to estimate a
time-frequency (T-F) mask by a DNN and apply it in the short-time
Fourier transform (STFT)–domain [3], where the enhanced signal
is obtained by the inverse STFT. Ordinarily, DNNs are trained by
back-propagation to minimize a mathematically-defined differen-
tiable cost function such as the mean squared/absolute error [4] and
the signal-to-distortion ratio (SDR) [6]. Unfortunately, it has been
shown that such mathematically-defined cost functions do not guar-
antee to improve subjective sound quality [10]. For improving the
sound quality of enhanced speech signals, human-perception-based
measures for objective sound quality assessments (OSQA), such
as PESQ (perceptual evaluation of speech quality) [16], has been
applied to the training of DNNs.
The difficulty in the training of DNN based on the score of
OSQA is its non-differentiable nature which restricts the use of
back-propagation. In the previous studies, two types of strategies
have been proposed to circumvent this difficulty [9–11]. Koizumi
et al. formulated the training as a black-box optimization prob-
lem and adopted techniques from reinforcement learning (RL) that
approximate the gradient using a sampling algorithm [9, 10]. Met-
ricGAN proposed by Fu et al. [11] is the other approach which
utilizes an auxiliary DNN to approximate the score of OSQA as
the generative-adversarial-network (GAN) [17]. This function-
approximation-based strategy allows to back-propagate the infor-
mation of OSQA to the primary DNN which enhances the signals.
While these methods effectively improved the sound quality, their
problem is instability of the training. The targeted score of OSQA
on the test dataset does not stably increase (see Fig. 5 of [10] and
Fig. 2 of [11]), which can be a cause of failure for some situations.
In this study, we propose the use of stabilization techniques for
the function-approximation-based method as shown in Fig. 1. For
stably training the auxiliary DNN for approximating the score of
OSQA, we design a new cost function and adopt training techniques
in RL and other machine learning areas. We conducted experiments
training a DNN based on PESQ as an example, and the results show
that the proposed method (i) can stably train a DNN to increase
PESQ, (ii) achieved the state-of-the-art PESQ score on a public
dataset, and (iii) obtained better sound quality than conventional
methods based on subjective evaluation.
2. CONVENTIONAL METHODS
2.1. DNN-based Speech Enhancement using T-F mask
Let T -points-long time-domain observation x ∈ RT be a mixture
of a target signal s and noise n as x = s + n. The goal of speech
enhancement is to recover s from x, where the use of DNN has
substantially advanced the state-of-the-art performance. A popular
strategy is to use a DNN for estimating a T-F mask in the STFT-
domain. Let F : RT → CF×K be the STFT where F andK are the
number of frequency and time bins, respectively. A general form of
DNN-based speech enhancement using a T-F mask can be written as
y = F† (Mθ(x)F (x)) , (1)
where y is the estimate of s, F† is the inverse-STFT,  is the
element-wise product, andM is a DNN for estimating the T-F mask.
The set of parameters of the DNN θ is trained to minimize a cost
function L(s,y) by iterating the gradient descending procedure:
θt+1 ← θt − λ∂θL(s,y), (2)
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ym
<latexit sha1_base64="4dNiAHs2MCNMe7VMZZ2zy8yn/ck=">AAAClXich VHLSsNQED3GV3026kLBjVgUV2UigiIIBUXc2ap9QJWSxKsG8yJJC7X0B/wBF7pRqCB+gB/gxh9w0U8QlwpuXDhNA6KiTkjm3HPnTM69o7mm4QdEzQ6ps6u7pz fW1z8wODQcl0dGc75T9nSR1R3T8Qqa6gvTsEU2MAJTFFxPqJZmirx2vNraz1eE5xuOvRNUXbFnqYe2cWDoasBUSZZ3Ncfc96sWp1q1XrJKcoKSFMbUT6BEIIEo 0o58h13sw4GOMiwI2AgYm1Dh81OEAoLL3B5qzHmMjHBfoI5+1pa5SnCFyuwxfw95VYxYm9etnn6o1vkvJr8eK6cwQ490Qy/0QLf0RO+/9qqFPVpeqpy1tla4p fjpxPbbvyqLc4CjT9WfngMcYCn0arB3N2Rap9Db+srJ2cv28tZMbZau6Jn9X1KT7vkEduVVb2TE1vkffjT2wjfGA1K+j+MnyM0nFUoqmYVEiqJRxTCJaczxPB aRwgbSyHL/Ci7QwLU0Lq1Ia9J6u1TqiDRj+BLS5gc57pb8</latexit><latexit sha1_base64="4dNiAHs2MCNMe7VMZZ2zy8yn/ck=">AAAClXich VHLSsNQED3GV3026kLBjVgUV2UigiIIBUXc2ap9QJWSxKsG8yJJC7X0B/wBF7pRqCB+gB/gxh9w0U8QlwpuXDhNA6KiTkjm3HPnTM69o7mm4QdEzQ6ps6u7pz fW1z8wODQcl0dGc75T9nSR1R3T8Qqa6gvTsEU2MAJTFFxPqJZmirx2vNraz1eE5xuOvRNUXbFnqYe2cWDoasBUSZZ3Ncfc96sWp1q1XrJKcoKSFMbUT6BEIIEo 0o58h13sw4GOMiwI2AgYm1Dh81OEAoLL3B5qzHmMjHBfoI5+1pa5SnCFyuwxfw95VYxYm9etnn6o1vkvJr8eK6cwQ490Qy/0QLf0RO+/9qqFPVpeqpy1tla4p fjpxPbbvyqLc4CjT9WfngMcYCn0arB3N2Rap9Db+srJ2cv28tZMbZau6Jn9X1KT7vkEduVVb2TE1vkffjT2wjfGA1K+j+MnyM0nFUoqmYVEiqJRxTCJaczxPB aRwgbSyHL/Ci7QwLU0Lq1Ia9J6u1TqiDRj+BLS5gc57pb8</latexit><latexit sha1_base64="4dNiAHs2MCNMe7VMZZ2zy8yn/ck=">AAAClXich VHLSsNQED3GV3026kLBjVgUV2UigiIIBUXc2ap9QJWSxKsG8yJJC7X0B/wBF7pRqCB+gB/gxh9w0U8QlwpuXDhNA6KiTkjm3HPnTM69o7mm4QdEzQ6ps6u7pz fW1z8wODQcl0dGc75T9nSR1R3T8Qqa6gvTsEU2MAJTFFxPqJZmirx2vNraz1eE5xuOvRNUXbFnqYe2cWDoasBUSZZ3Ncfc96sWp1q1XrJKcoKSFMbUT6BEIIEo 0o58h13sw4GOMiwI2AgYm1Dh81OEAoLL3B5qzHmMjHBfoI5+1pa5SnCFyuwxfw95VYxYm9etnn6o1vkvJr8eK6cwQ490Qy/0QLf0RO+/9qqFPVpeqpy1tla4p fjpxPbbvyqLc4CjT9WfngMcYCn0arB3N2Rap9Db+srJ2cv28tZMbZau6Jn9X1KT7vkEduVVb2TE1vkffjT2wjfGA1K+j+MnyM0nFUoqmYVEiqJRxTCJaczxPB aRwgbSyHL/Ci7QwLU0Lq1Ia9J6u1TqiDRj+BLS5gc57pb8</latexit><latexit sha1_base64="4dNiAHs2MCNMe7VMZZ2zy8yn/ck=">AAAClXich VHLSsNQED3GV3026kLBjVgUV2UigiIIBUXc2ap9QJWSxKsG8yJJC7X0B/wBF7pRqCB+gB/gxh9w0U8QlwpuXDhNA6KiTkjm3HPnTM69o7mm4QdEzQ6ps6u7pz fW1z8wODQcl0dGc75T9nSR1R3T8Qqa6gvTsEU2MAJTFFxPqJZmirx2vNraz1eE5xuOvRNUXbFnqYe2cWDoasBUSZZ3Ncfc96sWp1q1XrJKcoKSFMbUT6BEIIEo 0o58h13sw4GOMiwI2AgYm1Dh81OEAoLL3B5qzHmMjHBfoI5+1pa5SnCFyuwxfw95VYxYm9etnn6o1vkvJr8eK6cwQ490Qy/0QLf0RO+/9qqFPVpeqpy1tla4p fjpxPbbvyqLc4CjT9WfngMcYCn0arB3N2Rap9Db+srJ2cv28tZMbZau6Jn9X1KT7vkEduVVb2TE1vkffjT2wjfGA1K+j+MnyM0nFUoqmYVEiqJRxTCJaczxPB aRwgbSyHL/Ci7QwLU0Lq1Ia9J6u1TqiDRj+BLS5gc57pb8</latexit>
D (sm, sm)
<latexit sha1_base64="chDpQwctKvnpygqmibQag/aCOZU=">AAACu3ich VHLShxBFD3TmvjIw4luhGyGDAYDYbgdJAmCIOjC5agZFRxpusvSqVj9oLtmYGzmB/wBF7pRcCF+QPbJRki2WfgJwaVCNi6809MQosTcpvueOnXP7VN1vUirxB BdFKy+/kePBwaHhp88ffZ8pPhidCUJm7GQNRHqMF7z3ERqFciaUUbLtSiWru9puertzHX3V1syTlQYfDLtSG747nagtpRwDVNO8X3dd01DuDqd7zhpPWqozmTd C/Vm0vY5pUnH8d+W7jJvnGKZKpRF6T6wc1BGHtWw+AV1bCKEQBM+JAIYxhouEn7WYYMQMbeBlLmYkcr2JToYZm2TqyRXuMzu8HebV+s5G/C62zPJ1IL/ovmNW VnCBP2kU7qiczqjX3Tzz15p1qPrpc3Z62ll5IzsjS///q/K52zQ+KN60LPBFj5mXhV7jzKmewrR07d296+Wp5cm0td0TJfs/4gu6BufIGhdi5NFuXTwgB+Pvf CN8YDsu+O4D1beVWyq2ItT5VnKRzWIl3iFSZ7HB8xiAVXUuP8hvuI7flgzlrA+W7pXahVyzRj+Cqt5C08Dpz8=</latexit><latexit sha1_base64="chDpQwctKvnpygqmibQag/aCOZU=">AAACu3ich VHLShxBFD3TmvjIw4luhGyGDAYDYbgdJAmCIOjC5agZFRxpusvSqVj9oLtmYGzmB/wBF7pRcCF+QPbJRki2WfgJwaVCNi6809MQosTcpvueOnXP7VN1vUirxB BdFKy+/kePBwaHhp88ffZ8pPhidCUJm7GQNRHqMF7z3ERqFciaUUbLtSiWru9puertzHX3V1syTlQYfDLtSG747nagtpRwDVNO8X3dd01DuDqd7zhpPWqozmTd C/Vm0vY5pUnH8d+W7jJvnGKZKpRF6T6wc1BGHtWw+AV1bCKEQBM+JAIYxhouEn7WYYMQMbeBlLmYkcr2JToYZm2TqyRXuMzu8HebV+s5G/C62zPJ1IL/ovmNW VnCBP2kU7qiczqjX3Tzz15p1qPrpc3Z62ll5IzsjS///q/K52zQ+KN60LPBFj5mXhV7jzKmewrR07d296+Wp5cm0td0TJfs/4gu6BufIGhdi5NFuXTwgB+Pvf CN8YDsu+O4D1beVWyq2ItT5VnKRzWIl3iFSZ7HB8xiAVXUuP8hvuI7flgzlrA+W7pXahVyzRj+Cqt5C08Dpz8=</latexit><latexit sha1_base64="chDpQwctKvnpygqmibQag/aCOZU=">AAACu3ich VHLShxBFD3TmvjIw4luhGyGDAYDYbgdJAmCIOjC5agZFRxpusvSqVj9oLtmYGzmB/wBF7pRcCF+QPbJRki2WfgJwaVCNi6809MQosTcpvueOnXP7VN1vUirxB BdFKy+/kePBwaHhp88ffZ8pPhidCUJm7GQNRHqMF7z3ERqFciaUUbLtSiWru9puertzHX3V1syTlQYfDLtSG747nagtpRwDVNO8X3dd01DuDqd7zhpPWqozmTd C/Vm0vY5pUnH8d+W7jJvnGKZKpRF6T6wc1BGHtWw+AV1bCKEQBM+JAIYxhouEn7WYYMQMbeBlLmYkcr2JToYZm2TqyRXuMzu8HebV+s5G/C62zPJ1IL/ovmNW VnCBP2kU7qiczqjX3Tzz15p1qPrpc3Z62ll5IzsjS///q/K52zQ+KN60LPBFj5mXhV7jzKmewrR07d296+Wp5cm0td0TJfs/4gu6BufIGhdi5NFuXTwgB+Pvf CN8YDsu+O4D1beVWyq2ItT5VnKRzWIl3iFSZ7HB8xiAVXUuP8hvuI7flgzlrA+W7pXahVyzRj+Cqt5C08Dpz8=</latexit><latexit sha1_base64="chDpQwctKvnpygqmibQag/aCOZU=">AAACu3ich VHLShxBFD3TmvjIw4luhGyGDAYDYbgdJAmCIOjC5agZFRxpusvSqVj9oLtmYGzmB/wBF7pRcCF+QPbJRki2WfgJwaVCNi6809MQosTcpvueOnXP7VN1vUirxB BdFKy+/kePBwaHhp88ffZ8pPhidCUJm7GQNRHqMF7z3ERqFciaUUbLtSiWru9puertzHX3V1syTlQYfDLtSG747nagtpRwDVNO8X3dd01DuDqd7zhpPWqozmTd C/Vm0vY5pUnH8d+W7jJvnGKZKpRF6T6wc1BGHtWw+AV1bCKEQBM+JAIYxhouEn7WYYMQMbeBlLmYkcr2JToYZm2TqyRXuMzu8HebV+s5G/C62zPJ1IL/ovmNW VnCBP2kU7qiczqjX3Tzz15p1qPrpc3Z62ll5IzsjS///q/K52zQ+KN60LPBFj5mXhV7jzKmewrR07d296+Wp5cm0td0TJfs/4gu6BufIGhdi5NFuXTwgB+Pvf CN8YDsu+O4D1beVWyq2ItT5VnKRzWIl3iFSZ7HB8xiAVXUuP8hvuI7flgzlrA+W7pXahVyzRj+Cqt5C08Dpz8=</latexit>D (sm,xm)
<latexit sha1_base64="3DRCsqw/+SXBhI6KYtcPB/syJXw=">AAACu3ich VHLShxBFD22Go15OOomkM2QwWAgDLdDUBEEQRdZ+sio4EjTXZZOafWD7prBsZkf8Adc6EYhi5APyF43QrLNwk8IWSq4ceGdngaTSMxtuu+pU/fcPlXXi7RKDN FFl9Xd0/uor//xwJOnz54PFoaGl5OwHgtZEaEO41XPTaRWgawYZbRcjWLp+p6WK97ObHt/pSHjRIXBR9OM5LrvbgVqUwnXMOUUxqu+a2rC1elcy0mrUU21xqpe qDeSps8pTVqO/7b4O7PLzBunUKIyZVG8D+wclJDHfFj4iio2EEKgDh8SAQxjDRcJP2uwQYiYW0fKXMxIZfsSLQywts5VkitcZnf4u8WrtZwNeN3umWRqwX/R/ MasLGKUftBnuqRz+kI/6eafvdKsR9tLk7PX0crIGdx/sXT9X5XP2aB2p3rQs8EmJjOvir1HGdM+hejoG3sHl0tTi6PpazqhX+z/mC7ojE8QNK7EpwW5ePiAH4 +98I3xgOy/x3EfLL8r21S2F96XZigfVT9e4hXGeB4TmMEHzKPC/Y9wim/4bk1bwtq2dKfU6so1I/gjrPotWbenRA==</latexit><latexit sha1_base64="3DRCsqw/+SXBhI6KYtcPB/syJXw=">AAACu3ich VHLShxBFD22Go15OOomkM2QwWAgDLdDUBEEQRdZ+sio4EjTXZZOafWD7prBsZkf8Adc6EYhi5APyF43QrLNwk8IWSq4ceGdngaTSMxtuu+pU/fcPlXXi7RKDN FFl9Xd0/uor//xwJOnz54PFoaGl5OwHgtZEaEO41XPTaRWgawYZbRcjWLp+p6WK97ObHt/pSHjRIXBR9OM5LrvbgVqUwnXMOUUxqu+a2rC1elcy0mrUU21xqpe qDeSps8pTVqO/7b4O7PLzBunUKIyZVG8D+wclJDHfFj4iio2EEKgDh8SAQxjDRcJP2uwQYiYW0fKXMxIZfsSLQywts5VkitcZnf4u8WrtZwNeN3umWRqwX/R/ MasLGKUftBnuqRz+kI/6eafvdKsR9tLk7PX0crIGdx/sXT9X5XP2aB2p3rQs8EmJjOvir1HGdM+hejoG3sHl0tTi6PpazqhX+z/mC7ojE8QNK7EpwW5ePiAH4 +98I3xgOy/x3EfLL8r21S2F96XZigfVT9e4hXGeB4TmMEHzKPC/Y9wim/4bk1bwtq2dKfU6so1I/gjrPotWbenRA==</latexit><latexit sha1_base64="3DRCsqw/+SXBhI6KYtcPB/syJXw=">AAACu3ich VHLShxBFD22Go15OOomkM2QwWAgDLdDUBEEQRdZ+sio4EjTXZZOafWD7prBsZkf8Adc6EYhi5APyF43QrLNwk8IWSq4ceGdngaTSMxtuu+pU/fcPlXXi7RKDN FFl9Xd0/uor//xwJOnz54PFoaGl5OwHgtZEaEO41XPTaRWgawYZbRcjWLp+p6WK97ObHt/pSHjRIXBR9OM5LrvbgVqUwnXMOUUxqu+a2rC1elcy0mrUU21xqpe qDeSps8pTVqO/7b4O7PLzBunUKIyZVG8D+wclJDHfFj4iio2EEKgDh8SAQxjDRcJP2uwQYiYW0fKXMxIZfsSLQywts5VkitcZnf4u8WrtZwNeN3umWRqwX/R/ MasLGKUftBnuqRz+kI/6eafvdKsR9tLk7PX0crIGdx/sXT9X5XP2aB2p3rQs8EmJjOvir1HGdM+hejoG3sHl0tTi6PpazqhX+z/mC7ojE8QNK7EpwW5ePiAH4 +98I3xgOy/x3EfLL8r21S2F96XZigfVT9e4hXGeB4TmMEHzKPC/Y9wim/4bk1bwtq2dKfU6so1I/gjrPotWbenRA==</latexit><latexit sha1_base64="3DRCsqw/+SXBhI6KYtcPB/syJXw=">AAACu3ich VHLShxBFD22Go15OOomkM2QwWAgDLdDUBEEQRdZ+sio4EjTXZZOafWD7prBsZkf8Adc6EYhi5APyF43QrLNwk8IWSq4ceGdngaTSMxtuu+pU/fcPlXXi7RKDN FFl9Xd0/uor//xwJOnz54PFoaGl5OwHgtZEaEO41XPTaRWgawYZbRcjWLp+p6WK97ObHt/pSHjRIXBR9OM5LrvbgVqUwnXMOUUxqu+a2rC1elcy0mrUU21xqpe qDeSps8pTVqO/7b4O7PLzBunUKIyZVG8D+wclJDHfFj4iio2EEKgDh8SAQxjDRcJP2uwQYiYW0fKXMxIZfsSLQywts5VkitcZnf4u8WrtZwNeN3umWRqwX/R/ MasLGKUftBnuqRz+kI/6eafvdKsR9tLk7PX0crIGdx/sXT9X5XP2aB2p3rQs8EmJjOvir1HGdM+hejoG3sHl0tTi6PpazqhX+z/mC7ojE8QNK7EpwW5ePiAH4 +98I3xgOy/x3EfLL8r21S2F96XZigfVT9e4hXGeB4TmMEHzKPC/Y9wim/4bk1bwtq2dKfU6so1I/gjrPotWbenRA==</latexit>D (sm,ym)
<latexit sha1_base64="iVZLi/ZBu4BtGvcNUCCW1tNwXcY=">AAACu3ich VHLShxBFD12fEWjjskmkM2QwWBAhtsiKoGAYBZZ+hoVHGm6y9IprX7QXTMwaeYH8gNZ6MZAFiEfkH2yEXTrwk8ILhXcZJE7PQ2+0Nym+546dc/tU3W9SKvEEJ 11WU+6e3r7+p8ODD4bGh4pjD5fTcJ6LGRFhDqM1z03kVoFsmKU0XI9iqXre1queXvz7f21howTFQYrphnJTd/dCdS2Eq5hyilMV33X1ISr0w8tJ61GNdUar3qh 3kqaPqc0aTn+RPEm02TmrVMoUZmyKN4Hdg5KyGMhLPxEFVsIIVCHD4kAhrGGi4SfDdggRMxtImUuZqSyfYkWBlhb5yrJFS6ze/zd4dVGzga8bvdMMrXgv2h+Y 1YWMUan9J0u6Ih+0B/6+2CvNOvR9tLk7HW0MnJGPr9cvvqvyudsULtWPerZYBuzmVfF3qOMaZ9CdPSNT18ult8tjaVv6Cuds/9DOqPffIKgcSm+Lcql/Uf8eO yFb4wHZN8dx32wOlm2qWwvTpXmKB9VP17hNcZ5HjOYw0csoML9D/ALxzix3lvC2rV0p9TqyjUvcCus+j9b26dF</latexit><latexit sha1_base64="iVZLi/ZBu4BtGvcNUCCW1tNwXcY=">AAACu3ich VHLShxBFD12fEWjjskmkM2QwWBAhtsiKoGAYBZZ+hoVHGm6y9IprX7QXTMwaeYH8gNZ6MZAFiEfkH2yEXTrwk8ILhXcZJE7PQ2+0Nym+546dc/tU3W9SKvEEJ 11WU+6e3r7+p8ODD4bGh4pjD5fTcJ6LGRFhDqM1z03kVoFsmKU0XI9iqXre1queXvz7f21howTFQYrphnJTd/dCdS2Eq5hyilMV33X1ISr0w8tJ61GNdUar3qh 3kqaPqc0aTn+RPEm02TmrVMoUZmyKN4Hdg5KyGMhLPxEFVsIIVCHD4kAhrGGi4SfDdggRMxtImUuZqSyfYkWBlhb5yrJFS6ze/zd4dVGzga8bvdMMrXgv2h+Y 1YWMUan9J0u6Ih+0B/6+2CvNOvR9tLk7HW0MnJGPr9cvvqvyudsULtWPerZYBuzmVfF3qOMaZ9CdPSNT18ult8tjaVv6Cuds/9DOqPffIKgcSm+Lcql/Uf8eO yFb4wHZN8dx32wOlm2qWwvTpXmKB9VP17hNcZ5HjOYw0csoML9D/ALxzix3lvC2rV0p9TqyjUvcCus+j9b26dF</latexit><latexit sha1_base64="iVZLi/ZBu4BtGvcNUCCW1tNwXcY=">AAACu3ich VHLShxBFD12fEWjjskmkM2QwWBAhtsiKoGAYBZZ+hoVHGm6y9IprX7QXTMwaeYH8gNZ6MZAFiEfkH2yEXTrwk8ILhXcZJE7PQ2+0Nym+546dc/tU3W9SKvEEJ 11WU+6e3r7+p8ODD4bGh4pjD5fTcJ6LGRFhDqM1z03kVoFsmKU0XI9iqXre1queXvz7f21howTFQYrphnJTd/dCdS2Eq5hyilMV33X1ISr0w8tJ61GNdUar3qh 3kqaPqc0aTn+RPEm02TmrVMoUZmyKN4Hdg5KyGMhLPxEFVsIIVCHD4kAhrGGi4SfDdggRMxtImUuZqSyfYkWBlhb5yrJFS6ze/zd4dVGzga8bvdMMrXgv2h+Y 1YWMUan9J0u6Ih+0B/6+2CvNOvR9tLk7HW0MnJGPr9cvvqvyudsULtWPerZYBuzmVfF3qOMaZ9CdPSNT18ult8tjaVv6Cuds/9DOqPffIKgcSm+Lcql/Uf8eO yFb4wHZN8dx32wOlm2qWwvTpXmKB9VP17hNcZ5HjOYw0csoML9D/ALxzix3lvC2rV0p9TqyjUvcCus+j9b26dF</latexit><latexit sha1_base64="iVZLi/ZBu4BtGvcNUCCW1tNwXcY=">AAACu3ich VHLShxBFD12fEWjjskmkM2QwWBAhtsiKoGAYBZZ+hoVHGm6y9IprX7QXTMwaeYH8gNZ6MZAFiEfkH2yEXTrwk8ILhXcZJE7PQ2+0Nym+546dc/tU3W9SKvEEJ 11WU+6e3r7+p8ODD4bGh4pjD5fTcJ6LGRFhDqM1z03kVoFsmKU0XI9iqXre1queXvz7f21howTFQYrphnJTd/dCdS2Eq5hyilMV33X1ISr0w8tJ61GNdUar3qh 3kqaPqc0aTn+RPEm02TmrVMoUZmyKN4Hdg5KyGMhLPxEFVsIIVCHD4kAhrGGi4SfDdggRMxtImUuZqSyfYkWBlhb5yrJFS6ze/zd4dVGzga8bvdMMrXgv2h+Y 1YWMUan9J0u6Ih+0B/6+2CvNOvR9tLk7HW0MnJGPr9cvvqvyudsULtWPerZYBuzmVfF3qOMaZ9CdPSNT18ult8tjaVv6Cuds/9DOqPffIKgcSm+Lcql/Uf8eO yFb4wHZN8dx32wOlm2qWwvTpXmKB9VP17hNcZ5HjOYw0csoML9D/ALxzix3lvC2rV0p9TqyjUvcCus+j9b26dF</latexit>
Calculate
(11)
M (xn)
<latexit sha1_base64="KEllKCInHO+jthjCchRcIWzyMn8=">AAACr3ich VE9SxxRFD1OPvyKcaONYLNkMajFckcEJZVgYyP4kXUFR9eZ8e3uwzcfzLxd3Az7B6zsLKwULMQ+KRNIkz+Qwp8glgppUnh3diAkot5h5p533j13znvXCZWMNd FVj/Hi5avXvX39A4Nvht4O596NbMRBI3JFyQ1UEG06diyU9EVJS63EZhgJ23OUKDv7i539clNEsQz8T7oVim3PrvmyKl1bM1XJTVuereuurZLldt5SoqonLSdQ e3HL45QctCu+FclaXeenKrkCFSmN/ENgZqCALFaC3FdY2EMAFw14EPChGSvYiPnZgglCyNw2EuYiRjLdF2hjgLUNrhJcYTO7z98ar7Yy1ud1p2ecql3+i+I3Y mUeE/SLLuiWftIlXdOfR3slaY+OlxZnp6sVYWX4cGz997Mqj7NG/a/qSc8aVcynXiV7D1Omcwq3q29+Pr5d/7g2kXygM7ph/6d0RT/4BH7zzj1fFWsnT/hx2A vfGA/I/H8cD8HGTNGkork6W1igbFR9GMd7TPI85rCAJaygxP2P8AXf8N0wjbKxY+x2S42eTDOKf8KQ939aoY0=</latexit><latexit sha1_base64="KEllKCInHO+jthjCchRcIWzyMn8=">AAACr3ich VE9SxxRFD1OPvyKcaONYLNkMajFckcEJZVgYyP4kXUFR9eZ8e3uwzcfzLxd3Az7B6zsLKwULMQ+KRNIkz+Qwp8glgppUnh3diAkot5h5p533j13znvXCZWMNd FVj/Hi5avXvX39A4Nvht4O596NbMRBI3JFyQ1UEG06diyU9EVJS63EZhgJ23OUKDv7i539clNEsQz8T7oVim3PrvmyKl1bM1XJTVuereuurZLldt5SoqonLSdQ e3HL45QctCu+FclaXeenKrkCFSmN/ENgZqCALFaC3FdY2EMAFw14EPChGSvYiPnZgglCyNw2EuYiRjLdF2hjgLUNrhJcYTO7z98ar7Yy1ud1p2ecql3+i+I3Y mUeE/SLLuiWftIlXdOfR3slaY+OlxZnp6sVYWX4cGz997Mqj7NG/a/qSc8aVcynXiV7D1Omcwq3q29+Pr5d/7g2kXygM7ph/6d0RT/4BH7zzj1fFWsnT/hx2A vfGA/I/H8cD8HGTNGkork6W1igbFR9GMd7TPI85rCAJaygxP2P8AXf8N0wjbKxY+x2S42eTDOKf8KQ939aoY0=</latexit><latexit sha1_base64="KEllKCInHO+jthjCchRcIWzyMn8=">AAACr3ich VE9SxxRFD1OPvyKcaONYLNkMajFckcEJZVgYyP4kXUFR9eZ8e3uwzcfzLxd3Az7B6zsLKwULMQ+KRNIkz+Qwp8glgppUnh3diAkot5h5p533j13znvXCZWMNd FVj/Hi5avXvX39A4Nvht4O596NbMRBI3JFyQ1UEG06diyU9EVJS63EZhgJ23OUKDv7i539clNEsQz8T7oVim3PrvmyKl1bM1XJTVuereuurZLldt5SoqonLSdQ e3HL45QctCu+FclaXeenKrkCFSmN/ENgZqCALFaC3FdY2EMAFw14EPChGSvYiPnZgglCyNw2EuYiRjLdF2hjgLUNrhJcYTO7z98ar7Yy1ud1p2ecql3+i+I3Y mUeE/SLLuiWftIlXdOfR3slaY+OlxZnp6sVYWX4cGz997Mqj7NG/a/qSc8aVcynXiV7D1Omcwq3q29+Pr5d/7g2kXygM7ph/6d0RT/4BH7zzj1fFWsnT/hx2A vfGA/I/H8cD8HGTNGkork6W1igbFR9GMd7TPI85rCAJaygxP2P8AXf8N0wjbKxY+x2S42eTDOKf8KQ939aoY0=</latexit><latexit sha1_base64="KEllKCInHO+jthjCchRcIWzyMn8=">AAACr3ich VE9SxxRFD1OPvyKcaONYLNkMajFckcEJZVgYyP4kXUFR9eZ8e3uwzcfzLxd3Az7B6zsLKwULMQ+KRNIkz+Qwp8glgppUnh3diAkot5h5p533j13znvXCZWMNd FVj/Hi5avXvX39A4Nvht4O596NbMRBI3JFyQ1UEG06diyU9EVJS63EZhgJ23OUKDv7i539clNEsQz8T7oVim3PrvmyKl1bM1XJTVuereuurZLldt5SoqonLSdQ e3HL45QctCu+FclaXeenKrkCFSmN/ENgZqCALFaC3FdY2EMAFw14EPChGSvYiPnZgglCyNw2EuYiRjLdF2hjgLUNrhJcYTO7z98ar7Yy1ud1p2ecql3+i+I3Y mUeE/SLLuiWftIlXdOfR3slaY+OlxZnp6sVYWX4cGz997Mqj7NG/a/qSc8aVcynXiV7D1Omcwq3q29+Pr5d/7g2kXygM7ph/6d0RT/4BH7zzj1fFWsnT/hx2A vfGA/I/H8cD8HGTNGkork6W1igbFR9GMd7TPI85rCAJaygxP2P8AXf8N0wjbKxY+x2S42eTDOKf8KQ939aoY0=</latexit>
D (sn,yn)
<latexit sha1_base64="1o038jHLECziiqURRpoqRgoCWnk=">AAACv3ich VHLShxBFD12olHjY0w2QjZDBkVBhtsSUFwpycKlr1HBkaG7LWeKqX7QXTPQNvMD/oALN0nAhfgBfoAQ3JmNCz9BXBpw4yJ3ehrUSPQ23ffUqXtun6prB0pGmu iqy3jztrvnXW9f//uBwaHh3MiH9chvhI4oOb7yw03bioSSnihpqZXYDEJhubYSG3b9a3t/oynCSPremo4Dse1aVU/uSsfSTFVyc2XX0jXHUsm3ViUpBzXZmijb vtqJYpdTEjHrtabyj7k45SYruQIVKY38c2BmoIAslvzcKcrYgQ8HDbgQ8KAZK1iI+NmCCULA3DYS5kJGMt0XaKGftQ2uElxhMVvnb5VXWxnr8brdM0rVDv9F8 RuyMo8xuqRjuqVzOqFruv9vryTt0fYSc7Y7WhFUhvdHV+9eVbmcNWoPqhc9a+xiNvUq2XuQMu1TOB19c+/gdnVuZSwZp590w/5/0BWd8Qm85h/naFmsHL7gx2 YvfGM8IPPfcTwH69NFk4rm8pfCPGWj6sUnfMYEz2MG81jEEkrc/zt+4QK/jQWjanhG0Ck1ujLNRzwJI/4LdKipXw==</latexit><latexit sha1_base64="1o038jHLECziiqURRpoqRgoCWnk=">AAACv3ich VHLShxBFD12olHjY0w2QjZDBkVBhtsSUFwpycKlr1HBkaG7LWeKqX7QXTPQNvMD/oALN0nAhfgBfoAQ3JmNCz9BXBpw4yJ3ehrUSPQ23ffUqXtun6prB0pGmu iqy3jztrvnXW9f//uBwaHh3MiH9chvhI4oOb7yw03bioSSnihpqZXYDEJhubYSG3b9a3t/oynCSPremo4Dse1aVU/uSsfSTFVyc2XX0jXHUsm3ViUpBzXZmijb vtqJYpdTEjHrtabyj7k45SYruQIVKY38c2BmoIAslvzcKcrYgQ8HDbgQ8KAZK1iI+NmCCULA3DYS5kJGMt0XaKGftQ2uElxhMVvnb5VXWxnr8brdM0rVDv9F8 RuyMo8xuqRjuqVzOqFruv9vryTt0fYSc7Y7WhFUhvdHV+9eVbmcNWoPqhc9a+xiNvUq2XuQMu1TOB19c+/gdnVuZSwZp590w/5/0BWd8Qm85h/naFmsHL7gx2 YvfGM8IPPfcTwH69NFk4rm8pfCPGWj6sUnfMYEz2MG81jEEkrc/zt+4QK/jQWjanhG0Ck1ujLNRzwJI/4LdKipXw==</latexit><latexit sha1_base64="1o038jHLECziiqURRpoqRgoCWnk=">AAACv3ich VHLShxBFD12olHjY0w2QjZDBkVBhtsSUFwpycKlr1HBkaG7LWeKqX7QXTPQNvMD/oALN0nAhfgBfoAQ3JmNCz9BXBpw4yJ3ehrUSPQ23ffUqXtun6prB0pGmu iqy3jztrvnXW9f//uBwaHh3MiH9chvhI4oOb7yw03bioSSnihpqZXYDEJhubYSG3b9a3t/oynCSPremo4Dse1aVU/uSsfSTFVyc2XX0jXHUsm3ViUpBzXZmijb vtqJYpdTEjHrtabyj7k45SYruQIVKY38c2BmoIAslvzcKcrYgQ8HDbgQ8KAZK1iI+NmCCULA3DYS5kJGMt0XaKGftQ2uElxhMVvnb5VXWxnr8brdM0rVDv9F8 RuyMo8xuqRjuqVzOqFruv9vryTt0fYSc7Y7WhFUhvdHV+9eVbmcNWoPqhc9a+xiNvUq2XuQMu1TOB19c+/gdnVuZSwZp590w/5/0BWd8Qm85h/naFmsHL7gx2 YvfGM8IPPfcTwH69NFk4rm8pfCPGWj6sUnfMYEz2MG81jEEkrc/zt+4QK/jQWjanhG0Ck1ujLNRzwJI/4LdKipXw==</latexit><latexit sha1_base64="1o038jHLECziiqURRpoqRgoCWnk=">AAACv3ich VHLShxBFD12olHjY0w2QjZDBkVBhtsSUFwpycKlr1HBkaG7LWeKqX7QXTPQNvMD/oALN0nAhfgBfoAQ3JmNCz9BXBpw4yJ3ehrUSPQ23ffUqXtun6prB0pGmu iqy3jztrvnXW9f//uBwaHh3MiH9chvhI4oOb7yw03bioSSnihpqZXYDEJhubYSG3b9a3t/oynCSPremo4Dse1aVU/uSsfSTFVyc2XX0jXHUsm3ViUpBzXZmijb vtqJYpdTEjHrtabyj7k45SYruQIVKY38c2BmoIAslvzcKcrYgQ8HDbgQ8KAZK1iI+NmCCULA3DYS5kJGMt0XaKGftQ2uElxhMVvnb5VXWxnr8brdM0rVDv9F8 RuyMo8xuqRjuqVzOqFruv9vryTt0fYSc7Y7WhFUhvdHV+9eVbmcNWoPqhc9a+xiNvUq2XuQMu1TOB19c+/gdnVuZSwZp590w/5/0BWd8Qm85h/naFmsHL7gx2 YvfGM8IPPfcTwH69NFk4rm8pfCPGWj6sUnfMYEz2MG81jEEkrc/zt+4QK/jQWjanhG0Ck1ujLNRzwJI/4LdKipXw==</latexit> @ LMn ( )
<latexit sha1_base64="LSmXSwO1E9+V8EWFvaQ8PiShIMU=">AAACtnich VFNT9RQFD1UBRwFRtmQuJk4wcBmcktMJKxI3LiAhA8HSBhoXstj5oXX9qV9Mwk28wf8AyxcacKC+ANcuTIB/4ALfoJxiYkbF952GogS4TbtO/e8e27Pe9c3Wq WW6HzIuXP33vDI6P3Kg4dj4xPVR4830ribBLIZxDpOtnyRSq0i2bTKarllEilCX8tN/+Blvr/Zk0mq4ui1PTRyJxTtSO2rQFimvKpbaRmRWCW01zId1QqF7QRC Z0v92m4tu0yX+30vmskrZr1qnRpURO06cEtQRxkrcfUTWthDjABdhJCIYBlrCKT8bMMFwTC3g4y5hJEq9iX6qLC2y1WSKwSzB/xtc7ZdshHnec+0UAf8F81vw soapukbndAFfaWP9J1+/7dXVvTIvRzy6g+00ngTb6fWf92qCnm16FypbvRssY/5wqti76Zg8lMEA33vzdHF+sLadPaMPtAP9v+ezukLnyDq/QyOV+Xauxv8+O yFb4wH5P47jutgY67hUsNdfV5fpHJUo3iCp5jhebzAIl5hBU3uf4TPOMWZM+/sOtJpD0qdoVIzib/CMX8ArLSkCw==</latexit><latexit sha1_base64="LSmXSwO1E9+V8EWFvaQ8PiShIMU=">AAACtnich VFNT9RQFD1UBRwFRtmQuJk4wcBmcktMJKxI3LiAhA8HSBhoXstj5oXX9qV9Mwk28wf8AyxcacKC+ANcuTIB/4ALfoJxiYkbF952GogS4TbtO/e8e27Pe9c3Wq WW6HzIuXP33vDI6P3Kg4dj4xPVR4830ribBLIZxDpOtnyRSq0i2bTKarllEilCX8tN/+Blvr/Zk0mq4ui1PTRyJxTtSO2rQFimvKpbaRmRWCW01zId1QqF7QRC Z0v92m4tu0yX+30vmskrZr1qnRpURO06cEtQRxkrcfUTWthDjABdhJCIYBlrCKT8bMMFwTC3g4y5hJEq9iX6qLC2y1WSKwSzB/xtc7ZdshHnec+0UAf8F81vw soapukbndAFfaWP9J1+/7dXVvTIvRzy6g+00ngTb6fWf92qCnm16FypbvRssY/5wqti76Zg8lMEA33vzdHF+sLadPaMPtAP9v+ezukLnyDq/QyOV+Xauxv8+O yFb4wH5P47jutgY67hUsNdfV5fpHJUo3iCp5jhebzAIl5hBU3uf4TPOMWZM+/sOtJpD0qdoVIzib/CMX8ArLSkCw==</latexit><latexit sha1_base64="LSmXSwO1E9+V8EWFvaQ8PiShIMU=">AAACtnich VFNT9RQFD1UBRwFRtmQuJk4wcBmcktMJKxI3LiAhA8HSBhoXstj5oXX9qV9Mwk28wf8AyxcacKC+ANcuTIB/4ALfoJxiYkbF952GogS4TbtO/e8e27Pe9c3Wq WW6HzIuXP33vDI6P3Kg4dj4xPVR4830ribBLIZxDpOtnyRSq0i2bTKarllEilCX8tN/+Blvr/Zk0mq4ui1PTRyJxTtSO2rQFimvKpbaRmRWCW01zId1QqF7QRC Z0v92m4tu0yX+30vmskrZr1qnRpURO06cEtQRxkrcfUTWthDjABdhJCIYBlrCKT8bMMFwTC3g4y5hJEq9iX6qLC2y1WSKwSzB/xtc7ZdshHnec+0UAf8F81vw soapukbndAFfaWP9J1+/7dXVvTIvRzy6g+00ngTb6fWf92qCnm16FypbvRssY/5wqti76Zg8lMEA33vzdHF+sLadPaMPtAP9v+ezukLnyDq/QyOV+Xauxv8+O yFb4wH5P47jutgY67hUsNdfV5fpHJUo3iCp5jhebzAIl5hBU3uf4TPOMWZM+/sOtJpD0qdoVIzib/CMX8ArLSkCw==</latexit><latexit sha1_base64="LSmXSwO1E9+V8EWFvaQ8PiShIMU=">AAACtnich VFNT9RQFD1UBRwFRtmQuJk4wcBmcktMJKxI3LiAhA8HSBhoXstj5oXX9qV9Mwk28wf8AyxcacKC+ANcuTIB/4ALfoJxiYkbF952GogS4TbtO/e8e27Pe9c3Wq WW6HzIuXP33vDI6P3Kg4dj4xPVR4830ribBLIZxDpOtnyRSq0i2bTKarllEilCX8tN/+Blvr/Zk0mq4ui1PTRyJxTtSO2rQFimvKpbaRmRWCW01zId1QqF7QRC Z0v92m4tu0yX+30vmskrZr1qnRpURO06cEtQRxkrcfUTWthDjABdhJCIYBlrCKT8bMMFwTC3g4y5hJEq9iX6qLC2y1WSKwSzB/xtc7ZdshHnec+0UAf8F81vw soapukbndAFfaWP9J1+/7dXVvTIvRzy6g+00ngTb6fWf92qCnm16FypbvRssY/5wqti76Zg8lMEA33vzdHF+sLadPaMPtAP9v+ezukLnyDq/QyOV+Xauxv8+O yFb4wH5P47jutgY67hUsNdfV5fpHJUo3iCp5jhebzAIl5hBU3uf4TPOMWZM+/sOtJpD0qdoVIzib/CMX8ArLSkCw==</latexit>
@ LDm( )
<latexit sha1_base64="lvRSSeVO+jm5aurIZfiNe48cEGs=">AAACunich VFNT9RQFD0UFRw/GHFj4qZhgsHN5JZAMIQFiS5csODDARIGm9f6YF7m9SPtm0mg6R/gD7hgpYkL4g9wbdwYWbPgJxiWkLBx4W2n0SgRb9O+c8+75/a8d71Yq9 QQnQ5Zwzdu3hoZvV27c/fe/bH6g/H1NOolvmz5kY6STU+kUqtQtowyWm7GiRSBp+WG131e7G/0ZZKqKHxl9mK5HYjdUO0oXxim3Pqs3Y5FYpTQbtaOOyq3a+1A mI4vdLaU26/t7Ff6Is/dYKooeurWG9SkMuyrwKlAA1UsR/VPaOMNIvjoIYBECMNYQyDlZwsOCDFz28iYSxipcl8iR421Pa6SXCGY7fJ3l7Otig05L3qmpdrnv 2h+E1bamKQTOqJz+kof6Tv9+GevrOxReNnj1RtoZeyOHTxau/yvKuDVoPNbda1ngx08K70q9h6XTHEKf6Dv7789X5tfncye0Hs6Y//v6JS+8AnC/oX/YUWuHl 7jx2MvfGM8IOfvcVwF69NNh5rOykxjkapRjeIxJjDF85jDIl5iGS3uf4jP+IZja8HyLGV1B6XWUKV5iD/CMj8BCoylYQ==</latexit><latexit sha1_base64="lvRSSeVO+jm5aurIZfiNe48cEGs=">AAACunich VFNT9RQFD0UFRw/GHFj4qZhgsHN5JZAMIQFiS5csODDARIGm9f6YF7m9SPtm0mg6R/gD7hgpYkL4g9wbdwYWbPgJxiWkLBx4W2n0SgRb9O+c8+75/a8d71Yq9 QQnQ5Zwzdu3hoZvV27c/fe/bH6g/H1NOolvmz5kY6STU+kUqtQtowyWm7GiRSBp+WG131e7G/0ZZKqKHxl9mK5HYjdUO0oXxim3Pqs3Y5FYpTQbtaOOyq3a+1A mI4vdLaU26/t7Ff6Is/dYKooeurWG9SkMuyrwKlAA1UsR/VPaOMNIvjoIYBECMNYQyDlZwsOCDFz28iYSxipcl8iR421Pa6SXCGY7fJ3l7Otig05L3qmpdrnv 2h+E1bamKQTOqJz+kof6Tv9+GevrOxReNnj1RtoZeyOHTxau/yvKuDVoPNbda1ngx08K70q9h6XTHEKf6Dv7789X5tfncye0Hs6Y//v6JS+8AnC/oX/YUWuHl 7jx2MvfGM8IOfvcVwF69NNh5rOykxjkapRjeIxJjDF85jDIl5iGS3uf4jP+IZja8HyLGV1B6XWUKV5iD/CMj8BCoylYQ==</latexit><latexit sha1_base64="lvRSSeVO+jm5aurIZfiNe48cEGs=">AAACunich VFNT9RQFD0UFRw/GHFj4qZhgsHN5JZAMIQFiS5csODDARIGm9f6YF7m9SPtm0mg6R/gD7hgpYkL4g9wbdwYWbPgJxiWkLBx4W2n0SgRb9O+c8+75/a8d71Yq9 QQnQ5Zwzdu3hoZvV27c/fe/bH6g/H1NOolvmz5kY6STU+kUqtQtowyWm7GiRSBp+WG131e7G/0ZZKqKHxl9mK5HYjdUO0oXxim3Pqs3Y5FYpTQbtaOOyq3a+1A mI4vdLaU26/t7Ff6Is/dYKooeurWG9SkMuyrwKlAA1UsR/VPaOMNIvjoIYBECMNYQyDlZwsOCDFz28iYSxipcl8iR421Pa6SXCGY7fJ3l7Otig05L3qmpdrnv 2h+E1bamKQTOqJz+kof6Tv9+GevrOxReNnj1RtoZeyOHTxau/yvKuDVoPNbda1ngx08K70q9h6XTHEKf6Dv7789X5tfncye0Hs6Y//v6JS+8AnC/oX/YUWuHl 7jx2MvfGM8IOfvcVwF69NNh5rOykxjkapRjeIxJjDF85jDIl5iGS3uf4jP+IZja8HyLGV1B6XWUKV5iD/CMj8BCoylYQ==</latexit><latexit sha1_base64="lvRSSeVO+jm5aurIZfiNe48cEGs=">AAACunich VFNT9RQFD0UFRw/GHFj4qZhgsHN5JZAMIQFiS5csODDARIGm9f6YF7m9SPtm0mg6R/gD7hgpYkL4g9wbdwYWbPgJxiWkLBx4W2n0SgRb9O+c8+75/a8d71Yq9 QQnQ5Zwzdu3hoZvV27c/fe/bH6g/H1NOolvmz5kY6STU+kUqtQtowyWm7GiRSBp+WG131e7G/0ZZKqKHxl9mK5HYjdUO0oXxim3Pqs3Y5FYpTQbtaOOyq3a+1A mI4vdLaU26/t7Ff6Is/dYKooeurWG9SkMuyrwKlAA1UsR/VPaOMNIvjoIYBECMNYQyDlZwsOCDFz28iYSxipcl8iR421Pa6SXCGY7fJ3l7Otig05L3qmpdrnv 2h+E1bamKQTOqJz+kof6Tv9+GevrOxReNnj1RtoZeyOHTxau/yvKuDVoPNbda1ngx08K70q9h6XTHEKf6Dv7789X5tfncye0Hs6Y//v6JS+8AnC/oX/YUWuHl 7jx2MvfGM8IOfvcVwF69NNh5rOykxjkapRjeIxJjDF85jDIl5iGS3uf4jP+IZja8HyLGV1B6XWUKV5iD/CMj8BCoylYQ==</latexit>
Calculate
(11)
@ LM( )
<latexit sha1_base64="25YQphXWB5VBkXrPplj9XOFH5XU=">AAACtHichVFNTxRBEH2MKLh+sMKFxMuGDQYvaw0hajiRcPGACR8ukDC46WkbtkPPR2Z6N8 HJ/gHuxAMnTDwQfoAHj2LiH/DATyAcIfHiwZrZiUaJWJOernpVr/p1lx8bnVqi0wHnxuDNW0PDtyt37t67P1J9MLqaRp1EqqaMTJSs+yJVRoeqabU1aj1OlAh8o9b8nfk8v9ZVSaqj8JXdjdVmILZDvaWlsAy1qk8qXiwSq4VpeXFbe4GwbSlMttCrva5lv8KXvd5Unn/cqtapQYXVrjpu6dRR2mJU/QgPbxBBooMACiEs+wYC KX8bcEGIGdtExljCni7yCj1UmNvhKsUVgtEd/m9ztFGiIcd5z7RgSz7F8EqYWcMkfaMjuqCvdExn9OOfvbKiR65ll3e/z1Vxa2RvfOX7f1kB7xbt36xrNVts4XmhVbP2uEDyW8g+v/v23cXK7PJk9oje0znrP6RT+sw3CLuX8sOSWj64Ro/PWvjFeEDu3+O46qxON1xquEsz9TkqRzWMh5jAFM/jGebwAotocv99fMIJvjhPHc+ RjuqXOgMlZwx/mBP+BIgdoyo=</latexit><latexit sha1_base64="25YQphXWB5VBkXrPplj9XOFH5XU=">AAACtHichVFNTxRBEH2MKLh+sMKFxMuGDQYvaw0hajiRcPGACR8ukDC46WkbtkPPR2Z6N8 HJ/gHuxAMnTDwQfoAHj2LiH/DATyAcIfHiwZrZiUaJWJOernpVr/p1lx8bnVqi0wHnxuDNW0PDtyt37t67P1J9MLqaRp1EqqaMTJSs+yJVRoeqabU1aj1OlAh8o9b8nfk8v9ZVSaqj8JXdjdVmILZDvaWlsAy1qk8qXiwSq4VpeXFbe4GwbSlMttCrva5lv8KXvd5Unn/cqtapQYXVrjpu6dRR2mJU/QgPbxBBooMACiEs+wYC KX8bcEGIGdtExljCni7yCj1UmNvhKsUVgtEd/m9ztFGiIcd5z7RgSz7F8EqYWcMkfaMjuqCvdExn9OOfvbKiR65ll3e/z1Vxa2RvfOX7f1kB7xbt36xrNVts4XmhVbP2uEDyW8g+v/v23cXK7PJk9oje0znrP6RT+sw3CLuX8sOSWj64Ro/PWvjFeEDu3+O46qxON1xquEsz9TkqRzWMh5jAFM/jGebwAotocv99fMIJvjhPHc+ RjuqXOgMlZwx/mBP+BIgdoyo=</latexit><latexit sha1_base64="25YQphXWB5VBkXrPplj9XOFH5XU=">AAACtHichVFNTxRBEH2MKLh+sMKFxMuGDQYvaw0hajiRcPGACR8ukDC46WkbtkPPR2Z6N8 HJ/gHuxAMnTDwQfoAHj2LiH/DATyAcIfHiwZrZiUaJWJOernpVr/p1lx8bnVqi0wHnxuDNW0PDtyt37t67P1J9MLqaRp1EqqaMTJSs+yJVRoeqabU1aj1OlAh8o9b8nfk8v9ZVSaqj8JXdjdVmILZDvaWlsAy1qk8qXiwSq4VpeXFbe4GwbSlMttCrva5lv8KXvd5Unn/cqtapQYXVrjpu6dRR2mJU/QgPbxBBooMACiEs+wYC KX8bcEGIGdtExljCni7yCj1UmNvhKsUVgtEd/m9ztFGiIcd5z7RgSz7F8EqYWcMkfaMjuqCvdExn9OOfvbKiR65ll3e/z1Vxa2RvfOX7f1kB7xbt36xrNVts4XmhVbP2uEDyW8g+v/v23cXK7PJk9oje0znrP6RT+sw3CLuX8sOSWj64Ro/PWvjFeEDu3+O46qxON1xquEsz9TkqRzWMh5jAFM/jGebwAotocv99fMIJvjhPHc+ RjuqXOgMlZwx/mBP+BIgdoyo=</latexit><latexit sha1_base64="25YQphXWB5VBkXrPplj9XOFH5XU=">AAACtHichVFNTxRBEH2MKLh+sMKFxMuGDQYvaw0hajiRcPGACR8ukDC46WkbtkPPR2Z6N8 HJ/gHuxAMnTDwQfoAHj2LiH/DATyAcIfHiwZrZiUaJWJOernpVr/p1lx8bnVqi0wHnxuDNW0PDtyt37t67P1J9MLqaRp1EqqaMTJSs+yJVRoeqabU1aj1OlAh8o9b8nfk8v9ZVSaqj8JXdjdVmILZDvaWlsAy1qk8qXiwSq4VpeXFbe4GwbSlMttCrva5lv8KXvd5Unn/cqtapQYXVrjpu6dRR2mJU/QgPbxBBooMACiEs+wYC KX8bcEGIGdtExljCni7yCj1UmNvhKsUVgtEd/m9ztFGiIcd5z7RgSz7F8EqYWcMkfaMjuqCvdExn9OOfvbKiR65ll3e/z1Vxa2RvfOX7f1kB7xbt36xrNVts4XmhVbP2uEDyW8g+v/v23cXK7PJk9oje0znrP6RT+sw3CLuX8sOSWj64Ro/PWvjFeEDu3+O46qxON1xquEsz9TkqRzWMh5jAFM/jGebwAotocv99fMIJvjhPHc+ RjuqXOgMlZwx/mBP+BIgdoyo=</latexit>
@ LD( )
<latexit sha1_base64="ILt2F9iFfag8v3S2T+8T+2uHkgE=">AAACuHichVFNT9RQFD1UBRwURt2YuGmcQHAzuQUSDSsSXbhwwYcDJAwMr/Ux88LrR9o3k2 DTP+AfIMSVJi4IP8ClCzf4A1zwE4xLTNiw4LbTQICAt2nfuefdc3veu26kVWKIjgasO3fvDQ4N36+MPHg4OlZ99Hg5CbuxJxteqMN41RWJ1CqQDaOMlqtRLIXvarnibr/O91d6Mk5UGLw3O5Fc90U7UFvKE4apVnXabkYiNkroVtqMOiqzK01fmI4ndPouszfs9Dx9k2WTecmLVrVGdSrCvg6cEtRQxnxY/Y4mPiCEhy58SAQw jDUEEn7W4IAQMbeOlLmYkSr2JTJUWNvlKskVgtlt/rY5WyvZgPO8Z1KoPf6L5jdmpY1x+k37dEyHdEB/6PTGXmnRI/eyw6vb18qoNfbp6dLJf1U+rwadC9Wtng228Krwqth7VDD5Kby+vvdx93hpdnE8naCv9Jf9f6Ej+sknCHr/vG8LcvHzLX5c9sI3xgNyro7jOlieqjtUdxZmanNUjmoYz/AckzyPl5jDW8yjwf338AOH+GX NWptW21L9Umug1DzBpbDiM+WepIE=</latexit><latexit sha1_base64="ILt2F9iFfag8v3S2T+8T+2uHkgE=">AAACuHichVFNT9RQFD1UBRwURt2YuGmcQHAzuQUSDSsSXbhwwYcDJAwMr/Ux88LrR9o3k2 DTP+AfIMSVJi4IP8ClCzf4A1zwE4xLTNiw4LbTQICAt2nfuefdc3veu26kVWKIjgasO3fvDQ4N36+MPHg4OlZ99Hg5CbuxJxteqMN41RWJ1CqQDaOMlqtRLIXvarnibr/O91d6Mk5UGLw3O5Fc90U7UFvKE4apVnXabkYiNkroVtqMOiqzK01fmI4ndPouszfs9Dx9k2WTecmLVrVGdSrCvg6cEtRQxnxY/Y4mPiCEhy58SAQw jDUEEn7W4IAQMbeOlLmYkSr2JTJUWNvlKskVgtlt/rY5WyvZgPO8Z1KoPf6L5jdmpY1x+k37dEyHdEB/6PTGXmnRI/eyw6vb18qoNfbp6dLJf1U+rwadC9Wtng228Krwqth7VDD5Kby+vvdx93hpdnE8naCv9Jf9f6Ej+sknCHr/vG8LcvHzLX5c9sI3xgNyro7jOlieqjtUdxZmanNUjmoYz/AckzyPl5jDW8yjwf338AOH+GX NWptW21L9Umug1DzBpbDiM+WepIE=</latexit><latexit sha1_base64="ILt2F9iFfag8v3S2T+8T+2uHkgE=">AAACuHichVFNT9RQFD1UBRwURt2YuGmcQHAzuQUSDSsSXbhwwYcDJAwMr/Ux88LrR9o3k2 DTP+AfIMSVJi4IP8ClCzf4A1zwE4xLTNiw4LbTQICAt2nfuefdc3veu26kVWKIjgasO3fvDQ4N36+MPHg4OlZ99Hg5CbuxJxteqMN41RWJ1CqQDaOMlqtRLIXvarnibr/O91d6Mk5UGLw3O5Fc90U7UFvKE4apVnXabkYiNkroVtqMOiqzK01fmI4ndPouszfs9Dx9k2WTecmLVrVGdSrCvg6cEtRQxnxY/Y4mPiCEhy58SAQw jDUEEn7W4IAQMbeOlLmYkSr2JTJUWNvlKskVgtlt/rY5WyvZgPO8Z1KoPf6L5jdmpY1x+k37dEyHdEB/6PTGXmnRI/eyw6vb18qoNfbp6dLJf1U+rwadC9Wtng228Krwqth7VDD5Kby+vvdx93hpdnE8naCv9Jf9f6Ej+sknCHr/vG8LcvHzLX5c9sI3xgNyro7jOlieqjtUdxZmanNUjmoYz/AckzyPl5jDW8yjwf338AOH+GX NWptW21L9Umug1DzBpbDiM+WepIE=</latexit><latexit sha1_base64="ILt2F9iFfag8v3S2T+8T+2uHkgE=">AAACuHichVFNT9RQFD1UBRwURt2YuGmcQHAzuQUSDSsSXbhwwYcDJAwMr/Ux88LrR9o3k2 DTP+AfIMSVJi4IP8ClCzf4A1zwE4xLTNiw4LbTQICAt2nfuefdc3veu26kVWKIjgasO3fvDQ4N36+MPHg4OlZ99Hg5CbuxJxteqMN41RWJ1CqQDaOMlqtRLIXvarnibr/O91d6Mk5UGLw3O5Fc90U7UFvKE4apVnXabkYiNkroVtqMOiqzK01fmI4ndPouszfs9Dx9k2WTecmLVrVGdSrCvg6cEtRQxnxY/Y4mPiCEhy58SAQw jDUEEn7W4IAQMbeOlLmYkSr2JTJUWNvlKskVgtlt/rY5WyvZgPO8Z1KoPf6L5jdmpY1x+k37dEyHdEB/6PTGXmnRI/eyw6vb18qoNfbp6dLJf1U+rwadC9Wtng228Krwqth7VDD5Kby+vvdx93hpdnE8naCv9Jf9f6Ej+sknCHr/vG8LcvHzLX5c9sI3xgNyro7jOlieqjtUdxZmanNUjmoYz/AckzyPl5jDW8yjwf338AOH+GX NWptW21L9Umug1DzBpbDiM+WepIE=</latexit>
yn
<latexit sha1_base64="pIJT7Zax2usFK51HwyEIoWch14M=">AAACl3ich VHLSsNQED3GV3221o3iRiyKqzIRQXFjQZAuW7VVUClJvK2heZGkxRr6A/6AC0FQEBU/wA9w4w+48BPEpYIbF07TgKioE5I599w5k3PvqI6hez7RY4fU2dXd0x vr6x8YHBqOJ0aSRc+uuZooaLZhu1uq4glDt0TB131DbDmuUEzVEJtqdaW1v1kXrqfb1obfcMSuqVQsvaxris9UKZHcUW1jz2uYnIJGsxRYzVIiRWkKY/InkCOQ QhQ5O3GLHezBhoYaTAhY8BkbUODxsw0ZBIe5XQTMuYz0cF+giX7W1rhKcIXCbJW/FV5tR6zF61ZPL1Rr/BeDX5eVk5imB7qmF7qnG3qi9197BWGPlpcGZ7WtF U4pfjS2/vavyuTsY/9T9adnH2Ushl519u6ETOsUWltfPzx+WV9amw5m6Jye2f8ZPdIdn8Cqv2oXebF28ocflb3wjfGA5O/j+AmKc2mZ0nJ+PpWhaFQxTGAKsz yPBWSQRQ4F7n+AU1ziShqXlqVVKdsulToizSi+hJT/AKTSmAk=</latexit><latexit sha1_base64="pIJT7Zax2usFK51HwyEIoWch14M=">AAACl3ich VHLSsNQED3GV3221o3iRiyKqzIRQXFjQZAuW7VVUClJvK2heZGkxRr6A/6AC0FQEBU/wA9w4w+48BPEpYIbF07TgKioE5I599w5k3PvqI6hez7RY4fU2dXd0x vr6x8YHBqOJ0aSRc+uuZooaLZhu1uq4glDt0TB131DbDmuUEzVEJtqdaW1v1kXrqfb1obfcMSuqVQsvaxris9UKZHcUW1jz2uYnIJGsxRYzVIiRWkKY/InkCOQ QhQ5O3GLHezBhoYaTAhY8BkbUODxsw0ZBIe5XQTMuYz0cF+giX7W1rhKcIXCbJW/FV5tR6zF61ZPL1Rr/BeDX5eVk5imB7qmF7qnG3qi9197BWGPlpcGZ7WtF U4pfjS2/vavyuTsY/9T9adnH2Ushl519u6ETOsUWltfPzx+WV9amw5m6Jye2f8ZPdIdn8Cqv2oXebF28ocflb3wjfGA5O/j+AmKc2mZ0nJ+PpWhaFQxTGAKsz yPBWSQRQ4F7n+AU1ziShqXlqVVKdsulToizSi+hJT/AKTSmAk=</latexit><latexit sha1_base64="pIJT7Zax2usFK51HwyEIoWch14M=">AAACl3ich VHLSsNQED3GV3221o3iRiyKqzIRQXFjQZAuW7VVUClJvK2heZGkxRr6A/6AC0FQEBU/wA9w4w+48BPEpYIbF07TgKioE5I599w5k3PvqI6hez7RY4fU2dXd0x vr6x8YHBqOJ0aSRc+uuZooaLZhu1uq4glDt0TB131DbDmuUEzVEJtqdaW1v1kXrqfb1obfcMSuqVQsvaxris9UKZHcUW1jz2uYnIJGsxRYzVIiRWkKY/InkCOQ QhQ5O3GLHezBhoYaTAhY8BkbUODxsw0ZBIe5XQTMuYz0cF+giX7W1rhKcIXCbJW/FV5tR6zF61ZPL1Rr/BeDX5eVk5imB7qmF7qnG3qi9197BWGPlpcGZ7WtF U4pfjS2/vavyuTsY/9T9adnH2Ushl519u6ETOsUWltfPzx+WV9amw5m6Jye2f8ZPdIdn8Cqv2oXebF28ocflb3wjfGA5O/j+AmKc2mZ0nJ+PpWhaFQxTGAKsz yPBWSQRQ4F7n+AU1ziShqXlqVVKdsulToizSi+hJT/AKTSmAk=</latexit><latexit sha1_base64="pIJT7Zax2usFK51HwyEIoWch14M=">AAACl3ich VHLSsNQED3GV3221o3iRiyKqzIRQXFjQZAuW7VVUClJvK2heZGkxRr6A/6AC0FQEBU/wA9w4w+48BPEpYIbF07TgKioE5I599w5k3PvqI6hez7RY4fU2dXd0x vr6x8YHBqOJ0aSRc+uuZooaLZhu1uq4glDt0TB131DbDmuUEzVEJtqdaW1v1kXrqfb1obfcMSuqVQsvaxris9UKZHcUW1jz2uYnIJGsxRYzVIiRWkKY/InkCOQ QhQ5O3GLHezBhoYaTAhY8BkbUODxsw0ZBIe5XQTMuYz0cF+giX7W1rhKcIXCbJW/FV5tR6zF61ZPL1Rr/BeDX5eVk5imB7qmF7qnG3qi9197BWGPlpcGZ7WtF U4pfjS2/vavyuTsY/9T9adnH2Ushl519u6ETOsUWltfPzx+WV9amw5m6Jye2f8ZPdIdn8Cqv2oXebF28ocflb3wjfGA5O/j+AmKc2mZ0nJ+PpWhaFQxTGAKsz yPBWSQRQ4F7n+AU1ziShqXlqVVKdsulToizSi+hJT/AKTSmAk=</latexit>
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M
<latexit sha1_base64="Lr3l sCtBaGbC9Wu/pNeoAMP7gyI=">AAACjnichVHLSsNAFL2Nr/quu hHciEVxVW5EtAii4MaNYKu1hVpKEqft4ORBMi3U4A+4FxeCouBC /AA/wI0/4MJPEJcKblx4kwZEi/WGyZw5c8+dM3N1R3BPIj7HlK7u nt6+eP/A4NDwyGhibHzPs+uuwXKGLWy3oGseE9xiOcmlYAXHZZq pC5bXDzeC/XyDuR63rV3ZdFjJ1KoWr3BDk0QV901N1gxN+FvH5U QSUxjGdDtQI5CEKLbtxD3swwHYYEAdTGBggSQsQAOPviKogOAQV wKfOJcQD/cZHMMAaeuUxShDI/aQ/lVaFSPWonVQ0wvVBp0iaLik nIZZfMJbfMNHvMMX/Pyzlh/WCLw0adZbWuaUR08mdz7+VZk0S6h 9qzp6llCBdOiVk3cnZIJbGC194+jsbWclO+vP4TW+kv8rfMYHuo HVeDduMix73sGPTl7oxahB6u92tIO9hZSKKTWzmFxPR62KwxTMwD z1YxnWYRO2IRe+6ClcwKWSUJaUVWWtlarEIs0E/Ahl8wvkrpRM< /latexit><latexit sha1_base64="Lr3l sCtBaGbC9Wu/pNeoAMP7gyI=">AAACjnichVHLSsNAFL2Nr/quu hHciEVxVW5EtAii4MaNYKu1hVpKEqft4ORBMi3U4A+4FxeCouBC /AA/wI0/4MJPEJcKblx4kwZEi/WGyZw5c8+dM3N1R3BPIj7HlK7u nt6+eP/A4NDwyGhibHzPs+uuwXKGLWy3oGseE9xiOcmlYAXHZZq pC5bXDzeC/XyDuR63rV3ZdFjJ1KoWr3BDk0QV901N1gxN+FvH5U QSUxjGdDtQI5CEKLbtxD3swwHYYEAdTGBggSQsQAOPviKogOAQV wKfOJcQD/cZHMMAaeuUxShDI/aQ/lVaFSPWonVQ0wvVBp0iaLik nIZZfMJbfMNHvMMX/Pyzlh/WCLw0adZbWuaUR08mdz7+VZk0S6h 9qzp6llCBdOiVk3cnZIJbGC194+jsbWclO+vP4TW+kv8rfMYHuo HVeDduMix73sGPTl7oxahB6u92tIO9hZSKKTWzmFxPR62KwxTMwD z1YxnWYRO2IRe+6ClcwKWSUJaUVWWtlarEIs0E/Ahl8wvkrpRM< /latexit><latexit sha1_base64="Lr3l sCtBaGbC9Wu/pNeoAMP7gyI=">AAACjnichVHLSsNAFL2Nr/quu hHciEVxVW5EtAii4MaNYKu1hVpKEqft4ORBMi3U4A+4FxeCouBC /AA/wI0/4MJPEJcKblx4kwZEi/WGyZw5c8+dM3N1R3BPIj7HlK7u nt6+eP/A4NDwyGhibHzPs+uuwXKGLWy3oGseE9xiOcmlYAXHZZq pC5bXDzeC/XyDuR63rV3ZdFjJ1KoWr3BDk0QV901N1gxN+FvH5U QSUxjGdDtQI5CEKLbtxD3swwHYYEAdTGBggSQsQAOPviKogOAQV wKfOJcQD/cZHMMAaeuUxShDI/aQ/lVaFSPWonVQ0wvVBp0iaLik nIZZfMJbfMNHvMMX/Pyzlh/WCLw0adZbWuaUR08mdz7+VZk0S6h 9qzp6llCBdOiVk3cnZIJbGC194+jsbWclO+vP4TW+kv8rfMYHuo HVeDduMix73sGPTl7oxahB6u92tIO9hZSKKTWzmFxPR62KwxTMwD z1YxnWYRO2IRe+6ClcwKWSUJaUVWWtlarEIs0E/Ahl8wvkrpRM< /latexit><latexit sha1_base64="Lr3l sCtBaGbC9Wu/pNeoAMP7gyI=">AAACjnichVHLSsNAFL2Nr/quu hHciEVxVW5EtAii4MaNYKu1hVpKEqft4ORBMi3U4A+4FxeCouBC /AA/wI0/4MJPEJcKblx4kwZEi/WGyZw5c8+dM3N1R3BPIj7HlK7u nt6+eP/A4NDwyGhibHzPs+uuwXKGLWy3oGseE9xiOcmlYAXHZZq pC5bXDzeC/XyDuR63rV3ZdFjJ1KoWr3BDk0QV901N1gxN+FvH5U QSUxjGdDtQI5CEKLbtxD3swwHYYEAdTGBggSQsQAOPviKogOAQV wKfOJcQD/cZHMMAaeuUxShDI/aQ/lVaFSPWonVQ0wvVBp0iaLik nIZZfMJbfMNHvMMX/Pyzlh/WCLw0adZbWuaUR08mdz7+VZk0S6h 9qzp6llCBdOiVk3cnZIJbGC194+jsbWclO+vP4TW+kv8rfMYHuo HVeDduMix73sGPTl7oxahB6u92tIO9hZSKKTWzmFxPR62KwxTMwD z1YxnWYRO2IRe+6ClcwKWSUJaUVWWtlarEIs0E/Ahl8wvkrpRM< /latexit>
Update params.
Update params.
sm
<latexit sha1_ba se64="CoU+W+4Ty5nJPX7XXmwYkrSO VKE=">AAAClXichVHLSsNQED3GV302 6kLBjVgUV2UigiIIBUXc2ap9QJWSxKs G8yJJC7X0B/wBF7pRqCB+gB/gxh9w0 U8QlwpuXDhNA6KiTkjm3HPnTM69o7m m4QdEzQ6ps6u7pzfW1z8wODQcl0dGc7 5T9nSR1R3T8Qqa6gvTsEU2MAJTFFxP qJZmirx2vNraz1eE5xuOvRNUXbFnqY e2cWDoasBUSZZ3Ncfc96sWp5pfL1kl OUFJCmPqJ1AikEAUaUe+wy724UBHGRY EbASMTajw+SlCAcFlbg815jxGRrgvU Ec/a8tcJbhCZfaYv4e8KkaszetWTz9 U6/wXk1+PlVOYoUe6oRd6oFt6ovdfe9 XCHi0vVc5aWyvcUvx0YvvtX5XFOcDR p+pPzwEOsBR6Ndi7GzKtU+htfeXk7G V7eWumNktX9Mz+L6lJ93wCu/KqNzJi6 /wPPxp74RvjASnfx/ET5OaTCiWVzEI iRdGoYpjENOZ4HotIYQNpZLl/BRdo4 Foal1akNWm9XSp1RJoxfAlp8wMtHJb2 </latexit><latexit sha1_ba se64="CoU+W+4Ty5nJPX7XXmwYkrSO VKE=">AAAClXichVHLSsNQED3GV302 6kLBjVgUV2UigiIIBUXc2ap9QJWSxKs G8yJJC7X0B/wBF7pRqCB+gB/gxh9w0 U8QlwpuXDhNA6KiTkjm3HPnTM69o7m m4QdEzQ6ps6u7pzfW1z8wODQcl0dGc7 5T9nSR1R3T8Qqa6gvTsEU2MAJTFFxP qJZmirx2vNraz1eE5xuOvRNUXbFnqY e2cWDoasBUSZZ3Ncfc96sWp5pfL1kl OUFJCmPqJ1AikEAUaUe+wy724UBHGRY EbASMTajw+SlCAcFlbg815jxGRrgvU Ec/a8tcJbhCZfaYv4e8KkaszetWTz9 U6/wXk1+PlVOYoUe6oRd6oFt6ovdfe9 XCHi0vVc5aWyvcUvx0YvvtX5XFOcDR p+pPzwEOsBR6Ndi7GzKtU+htfeXk7G V7eWumNktX9Mz+L6lJ93wCu/KqNzJi6 /wPPxp74RvjASnfx/ET5OaTCiWVzEI iRdGoYpjENOZ4HotIYQNpZLl/BRdo4 Foal1akNWm9XSp1RJoxfAlp8wMtHJb2 </latexit><latexit sha1_ba se64="CoU+W+4Ty5nJPX7XXmwYkrSO VKE=">AAAClXichVHLSsNQED3GV302 6kLBjVgUV2UigiIIBUXc2ap9QJWSxKs G8yJJC7X0B/wBF7pRqCB+gB/gxh9w0 U8QlwpuXDhNA6KiTkjm3HPnTM69o7m m4QdEzQ6ps6u7pzfW1z8wODQcl0dGc7 5T9nSR1R3T8Qqa6gvTsEU2MAJTFFxP qJZmirx2vNraz1eE5xuOvRNUXbFnqY e2cWDoasBUSZZ3Ncfc96sWp5pfL1kl OUFJCmPqJ1AikEAUaUe+wy724UBHGRY EbASMTajw+SlCAcFlbg815jxGRrgvU Ec/a8tcJbhCZfaYv4e8KkaszetWTz9 U6/wXk1+PlVOYoUe6oRd6oFt6ovdfe9 XCHi0vVc5aWyvcUvx0YvvtX5XFOcDR p+pPzwEOsBR6Ndi7GzKtU+htfeXk7G V7eWumNktX9Mz+L6lJ93wCu/KqNzJi6 /wPPxp74RvjASnfx/ET5OaTCiWVzEI iRdGoYpjENOZ4HotIYQNpZLl/BRdo4 Foal1akNWm9XSp1RJoxfAlp8wMtHJb2 </latexit><latexit sha1_ba se64="CoU+W+4Ty5nJPX7XXmwYkrSO VKE=">AAAClXichVHLSsNQED3GV302 6kLBjVgUV2UigiIIBUXc2ap9QJWSxKs G8yJJC7X0B/wBF7pRqCB+gB/gxh9w0 U8QlwpuXDhNA6KiTkjm3HPnTM69o7m m4QdEzQ6ps6u7pzfW1z8wODQcl0dGc7 5T9nSR1R3T8Qqa6gvTsEU2MAJTFFxP qJZmirx2vNraz1eE5xuOvRNUXbFnqY e2cWDoasBUSZZ3Ncfc96sWp5pfL1kl OUFJCmPqJ1AikEAUaUe+wy724UBHGRY EbASMTajw+SlCAcFlbg815jxGRrgvU Ec/a8tcJbhCZfaYv4e8KkaszetWTz9 U6/wXk1+PlVOYoUe6oRd6oFt6ovdfe9 XCHi0vVc5aWyvcUvx0YvvtX5XFOcDR p+pPzwEOsBR6Ndi7GzKtU+htfeXk7G V7eWumNktX9Mz+L6lJ93wCu/KqNzJi6 /wPPxp74RvjASnfx/ET5OaTCiWVzEI iRdGoYpjENOZ4HotIYQNpZLl/BRdo4 Foal1akNWm9XSp1RJoxfAlp8wMtHJb2 </latexit>
xm
<latexit sha1_ba se64="0Xzx8tA+gZfW6o8w2faVDwHv v2Q=">AAAClXichVHLSsNQED2Nr/ps 1IWCG7EorspEBEUQCoq4U6tVQaUk6W0 NzYskLdbiD/gDLnSjoCB+gB/gxh9w4 SeISwU3LpymAdFinZDMuefOmZx7R3N Nww+InmNSW3tHZ1e8u6e3r38gIQ8Obf tO2dNFVndMx9vVVF+Yhi2ygRGYYtf1 hGppptjRSkv1/Z2K8HzDsbeCqisOLL VoGwVDVwOmcrK8rzlm3q9anGpHJzkr JycpRWGMNwMlAklEse7I99hHHg50lGF BwEbA2IQKn589KCC4zB2gxpzHyAj3B U7Qw9oyVwmuUJkt8bfIq72ItXld7+m Hap3/YvLrsXIck/REt/RGj3RHL/T5Z6 9a2KPupcpZa2iFm0ucjm5+/KuyOAc4 /Fa19ByggPnQq8He3ZCpn0Jv6CvHZ2 +bC5nJ2hRd0Sv7v6RneuAT2JV3/XpDZ M5b+NHYC98YD0j5PY5msD2TUiilbMw m0xSNKo4xTGCa5zGHNFaxjiz3r+AC1 7iRRqRFaVlaaZRKsUgzjB8hrX0BN8uW +w==</latexit><latexit sha1_ba se64="0Xzx8tA+gZfW6o8w2faVDwHv v2Q=">AAAClXichVHLSsNQED2Nr/ps 1IWCG7EorspEBEUQCoq4U6tVQaUk6W0 NzYskLdbiD/gDLnSjoCB+gB/gxh9w4 SeISwU3LpymAdFinZDMuefOmZx7R3N Nww+InmNSW3tHZ1e8u6e3r38gIQ8Obf tO2dNFVndMx9vVVF+Yhi2ygRGYYtf1 hGppptjRSkv1/Z2K8HzDsbeCqisOLL VoGwVDVwOmcrK8rzlm3q9anGpHJzkr JycpRWGMNwMlAklEse7I99hHHg50lGF BwEbA2IQKn589KCC4zB2gxpzHyAj3B U7Qw9oyVwmuUJkt8bfIq72ItXld7+m Hap3/YvLrsXIck/REt/RGj3RHL/T5Z6 9a2KPupcpZa2iFm0ucjm5+/KuyOAc4 /Fa19ByggPnQq8He3ZCpn0Jv6CvHZ2 +bC5nJ2hRd0Sv7v6RneuAT2JV3/XpDZ M5b+NHYC98YD0j5PY5msD2TUiilbMw m0xSNKo4xTGCa5zGHNFaxjiz3r+AC1 7iRRqRFaVlaaZRKsUgzjB8hrX0BN8uW +w==</latexit><latexit sha1_ba se64="0Xzx8tA+gZfW6o8w2faVDwHv v2Q=">AAAClXichVHLSsNQED2Nr/ps 1IWCG7EorspEBEUQCoq4U6tVQaUk6W0 NzYskLdbiD/gDLnSjoCB+gB/gxh9w4 SeISwU3LpymAdFinZDMuefOmZx7R3N Nww+InmNSW3tHZ1e8u6e3r38gIQ8Obf tO2dNFVndMx9vVVF+Yhi2ygRGYYtf1 hGppptjRSkv1/Z2K8HzDsbeCqisOLL VoGwVDVwOmcrK8rzlm3q9anGpHJzkr JycpRWGMNwMlAklEse7I99hHHg50lGF BwEbA2IQKn589KCC4zB2gxpzHyAj3B U7Qw9oyVwmuUJkt8bfIq72ItXld7+m Hap3/YvLrsXIck/REt/RGj3RHL/T5Z6 9a2KPupcpZa2iFm0ucjm5+/KuyOAc4 /Fa19ByggPnQq8He3ZCpn0Jv6CvHZ2 +bC5nJ2hRd0Sv7v6RneuAT2JV3/XpDZ M5b+NHYC98YD0j5PY5msD2TUiilbMw m0xSNKo4xTGCa5zGHNFaxjiz3r+AC1 7iRRqRFaVlaaZRKsUgzjB8hrX0BN8uW +w==</latexit><latexit sha1_ba se64="0Xzx8tA+gZfW6o8w2faVDwHv v2Q=">AAAClXichVHLSsNQED2Nr/ps 1IWCG7EorspEBEUQCoq4U6tVQaUk6W0 NzYskLdbiD/gDLnSjoCB+gB/gxh9w4 SeISwU3LpymAdFinZDMuefOmZx7R3N Nww+InmNSW3tHZ1e8u6e3r38gIQ8Obf tO2dNFVndMx9vVVF+Yhi2ygRGYYtf1 hGppptjRSkv1/Z2K8HzDsbeCqisOLL VoGwVDVwOmcrK8rzlm3q9anGpHJzkr JycpRWGMNwMlAklEse7I99hHHg50lGF BwEbA2IQKn589KCC4zB2gxpzHyAj3B U7Qw9oyVwmuUJkt8bfIq72ItXld7+m Hap3/YvLrsXIck/REt/RGj3RHL/T5Z6 9a2KPupcpZa2iFm0ucjm5+/KuyOAc4 /Fa19ByggPnQq8He3ZCpn0Jv6CvHZ2 +bC5nJ2hRd0Sv7v6RneuAT2JV3/XpDZ M5b+NHYC98YD0j5PY5msD2TUiilbMw m0xSNKo4xTGCa5zGHNFaxjiz3r+AC1 7iRRqRFaVlaaZRKsUgzjB8hrX0BN8uW +w==</latexit>
xn
<latexit sha1_ba se64="YpMOhe2lKgjJWWOfXOHKEvAF JU8=">AAAClXichVHLSsNQED3G97vq QsFNsVRclYkIiiAIirjz2Qe0pSTxWoN 5kaTFWvwBf8CFbhQUxA/wA9z4Ay76C eKyghsXTtOAaLFOSObcc+dMzr2jOob u+US1Dqmzq7unt69/YHBoeGQ0Mjae8u ySq4mkZhu2m1EVTxi6JZK+7hsi47hC MVVDpNXjtcZ+uixcT7etfb/iiLypFC 39UNcUn6lCJJJTbePAq5icqidnBaZi lKAgoq1ADkEMYWzbkUfkcAAbGkowIWD BZ2xAgcdPFjIIDnN5VJlzGenBvsAZB lhb4irBFQqzx/wt8iobshavGz29QK3 xXwx+XVZGEacXuqc6PdMDvdLnn72qQY +GlwpntakVTmH0fGrv41+VydnH0beq rWcfh1gKvOrs3QmYxim0pr58elHfW9 6NV2fpht7Y/zXV6IlPYJXftdsdsXvZx o/KXvjGeEDy73G0gtR8QqaEvLMQW6V wVH2YxgzmeB6LWMUmtpHk/mVc4RZ30 qS0Iq1LG81SqSPUTOBHSFtfOeuW/A== </latexit><latexit sha1_ba se64="YpMOhe2lKgjJWWOfXOHKEvAF JU8=">AAAClXichVHLSsNQED3G97vq QsFNsVRclYkIiiAIirjz2Qe0pSTxWoN 5kaTFWvwBf8CFbhQUxA/wA9z4Ay76C eKyghsXTtOAaLFOSObcc+dMzr2jOob u+US1Dqmzq7unt69/YHBoeGQ0Mjae8u ySq4mkZhu2m1EVTxi6JZK+7hsi47hC MVVDpNXjtcZ+uixcT7etfb/iiLypFC 39UNcUn6lCJJJTbePAq5icqidnBaZi lKAgoq1ADkEMYWzbkUfkcAAbGkowIWD BZ2xAgcdPFjIIDnN5VJlzGenBvsAZB lhb4irBFQqzx/wt8iobshavGz29QK3 xXwx+XVZGEacXuqc6PdMDvdLnn72qQY +GlwpntakVTmH0fGrv41+VydnH0beq rWcfh1gKvOrs3QmYxim0pr58elHfW9 6NV2fpht7Y/zXV6IlPYJXftdsdsXvZx o/KXvjGeEDy73G0gtR8QqaEvLMQW6V wVH2YxgzmeB6LWMUmtpHk/mVc4RZ30 qS0Iq1LG81SqSPUTOBHSFtfOeuW/A== </latexit><latexit sha1_ba se64="YpMOhe2lKgjJWWOfXOHKEvAF JU8=">AAAClXichVHLSsNQED3G97vq QsFNsVRclYkIiiAIirjz2Qe0pSTxWoN 5kaTFWvwBf8CFbhQUxA/wA9z4Ay76C eKyghsXTtOAaLFOSObcc+dMzr2jOob u+US1Dqmzq7unt69/YHBoeGQ0Mjae8u ySq4mkZhu2m1EVTxi6JZK+7hsi47hC MVVDpNXjtcZ+uixcT7etfb/iiLypFC 39UNcUn6lCJJJTbePAq5icqidnBaZi lKAgoq1ADkEMYWzbkUfkcAAbGkowIWD BZ2xAgcdPFjIIDnN5VJlzGenBvsAZB lhb4irBFQqzx/wt8iobshavGz29QK3 xXwx+XVZGEacXuqc6PdMDvdLnn72qQY +GlwpntakVTmH0fGrv41+VydnH0beq rWcfh1gKvOrs3QmYxim0pr58elHfW9 6NV2fpht7Y/zXV6IlPYJXftdsdsXvZx o/KXvjGeEDy73G0gtR8QqaEvLMQW6V wVH2YxgzmeB6LWMUmtpHk/mVc4RZ30 qS0Iq1LG81SqSPUTOBHSFtfOeuW/A== </latexit><latexit sha1_ba se64="YpMOhe2lKgjJWWOfXOHKEvAF JU8=">AAAClXichVHLSsNQED3G97vq QsFNsVRclYkIiiAIirjz2Qe0pSTxWoN 5kaTFWvwBf8CFbhQUxA/wA9z4Ay76C eKyghsXTtOAaLFOSObcc+dMzr2jOob u+US1Dqmzq7unt69/YHBoeGQ0Mjae8u ySq4mkZhu2m1EVTxi6JZK+7hsi47hC MVVDpNXjtcZ+uixcT7etfb/iiLypFC 39UNcUn6lCJJJTbePAq5icqidnBaZi lKAgoq1ADkEMYWzbkUfkcAAbGkowIWD BZ2xAgcdPFjIIDnN5VJlzGenBvsAZB lhb4irBFQqzx/wt8iobshavGz29QK3 xXwx+XVZGEacXuqc6PdMDvdLnn72qQY +GlwpntakVTmH0fGrv41+VydnH0beq rWcfh1gKvOrs3QmYxim0pr58elHfW9 6NV2fpht7Y/zXV6IlPYJXftdsdsXvZx o/KXvjGeEDy73G0gtR8QqaEvLMQW6V wVH2YxgzmeB6LWMUmtpHk/mVc4RZ30 qS0Iq1LG81SqSPUTOBHSFtfOeuW/A== </latexit>
sn
<latexit sha1_ba se64="pt8NJPnIbfLZtR68Xr9+CNyX gXU=">AAAClXichVHLSsNQED2Nr/ps 1YWCG7FUXJWJCIogFBRxZ2utClZKEq8 1NC+StFBLf8AfcKEbhQriB/gBbvwBF /0EcangxoXTNCAq6oRkzj13zuTcO6p j6J5P1IpIXd09vX3R/oHBoeGRWHx0bM ezK64m8ppt2O6eqnjC0C2R93XfEHuO KxRTNcSuWl5t7+9WhevptrXt1xxxYC olSz/SNcVnqhiPF1TbOPRqJqe61ygy laAUBTH9E8ghSCCMjB2/QwGHsKGhAhM CFnzGBhR4/OxDBsFh7gB15lxGerAv0 MAAaytcJbhCYbbM3xKv9kPW4nW7pxe oNf6Lwa/Lymkk6ZFu6IUe6Jae6P3XXv WgR9tLjbPa0QqnGDudzL39qzI5+zj+ VP3p2ccRlgKvOnt3AqZ9Cq2jr56cve SWt5L1WbqiZ/Z/SS265xNY1VetmRVb5 3/4UdkL3xgPSP4+jp9gZz4lU0rOLiT SFI4qiinMYI7nsYg0NpBBnvtXcYEmr qUJaUVak9Y7pVIk1IzjS0ibHy88lvc= </latexit><latexit sha1_ba se64="pt8NJPnIbfLZtR68Xr9+CNyX gXU=">AAAClXichVHLSsNQED2Nr/ps 1YWCG7FUXJWJCIogFBRxZ2utClZKEq8 1NC+StFBLf8AfcKEbhQriB/gBbvwBF /0EcangxoXTNCAq6oRkzj13zuTcO6p j6J5P1IpIXd09vX3R/oHBoeGRWHx0bM ezK64m8ppt2O6eqnjC0C2R93XfEHuO KxRTNcSuWl5t7+9WhevptrXt1xxxYC olSz/SNcVnqhiPF1TbOPRqJqe61ygy laAUBTH9E8ghSCCMjB2/QwGHsKGhAhM CFnzGBhR4/OxDBsFh7gB15lxGerAv0 MAAaytcJbhCYbbM3xKv9kPW4nW7pxe oNf6Lwa/Lymkk6ZFu6IUe6Jae6P3XXv WgR9tLjbPa0QqnGDudzL39qzI5+zj+ VP3p2ccRlgKvOnt3AqZ9Cq2jr56cve SWt5L1WbqiZ/Z/SS265xNY1VetmRVb5 3/4UdkL3xgPSP4+jp9gZz4lU0rOLiT SFI4qiinMYI7nsYg0NpBBnvtXcYEmr qUJaUVak9Y7pVIk1IzjS0ibHy88lvc= </latexit><latexit sha1_ba se64="pt8NJPnIbfLZtR68Xr9+CNyX gXU=">AAAClXichVHLSsNQED2Nr/ps 1YWCG7FUXJWJCIogFBRxZ2utClZKEq8 1NC+StFBLf8AfcKEbhQriB/gBbvwBF /0EcangxoXTNCAq6oRkzj13zuTcO6p j6J5P1IpIXd09vX3R/oHBoeGRWHx0bM ezK64m8ppt2O6eqnjC0C2R93XfEHuO KxRTNcSuWl5t7+9WhevptrXt1xxxYC olSz/SNcVnqhiPF1TbOPRqJqe61ygy laAUBTH9E8ghSCCMjB2/QwGHsKGhAhM CFnzGBhR4/OxDBsFh7gB15lxGerAv0 MAAaytcJbhCYbbM3xKv9kPW4nW7pxe oNf6Lwa/Lymkk6ZFu6IUe6Jae6P3XXv WgR9tLjbPa0QqnGDudzL39qzI5+zj+ VP3p2ccRlgKvOnt3AqZ9Cq2jr56cve SWt5L1WbqiZ/Z/SS265xNY1VetmRVb5 3/4UdkL3xgPSP4+jp9gZz4lU0rOLiT SFI4qiinMYI7nsYg0NpBBnvtXcYEmr qUJaUVak9Y7pVIk1IzjS0ibHy88lvc= </latexit><latexit sha1_ba se64="pt8NJPnIbfLZtR68Xr9+CNyX gXU=">AAAClXichVHLSsNQED2Nr/ps 1YWCG7FUXJWJCIogFBRxZ2utClZKEq8 1NC+StFBLf8AfcKEbhQriB/gBbvwBF /0EcangxoXTNCAq6oRkzj13zuTcO6p j6J5P1IpIXd09vX3R/oHBoeGRWHx0bM ezK64m8ppt2O6eqnjC0C2R93XfEHuO KxRTNcSuWl5t7+9WhevptrXt1xxxYC olSz/SNcVnqhiPF1TbOPRqJqe61ygy laAUBTH9E8ghSCCMjB2/QwGHsKGhAhM CFnzGBhR4/OxDBsFh7gB15lxGerAv0 MAAaytcJbhCYbbM3xKv9kPW4nW7pxe oNf6Lwa/Lymkk6ZFu6IUe6Jae6P3XXv WgR9tLjbPa0QqnGDudzL39qzI5+zj+ VP3p2ccRlgKvOnt3AqZ9Cq2jr56cve SWt5L1WbqiZ/Z/SS265xNY1VetmRVb5 3/4UdkL3xgPSP4+jp9gZz4lU0rOLiT SFI4qiinMYI7nsYg0NpBBnvtXcYEmr qUJaUVak9Y7pVIk1IzjS0ibHy88lvc= </latexit>
ym
<latexit sha1_ba se64="4dNiAHs2MCNMe7VMZZ2zy8yn /ck=">AAAClXichVHLSsNQED3GV302 6kLBjVgUV2UigiIIBUXc2ap9QJWSxKs G8yJJC7X0B/wBF7pRqCB+gB/gxh9w0 U8QlwpuXDhNA6KiTkjm3HPnTM69o7m m4QdEzQ6ps6u7pzfW1z8wODQcl0dGc7 5T9nSR1R3T8Qqa6gvTsEU2MAJTFFxP qJZmirx2vNraz1eE5xuOvRNUXbFnqY e2cWDoasBUSZZ3Ncfc96sWp1q1XrJK coKSFMbUT6BEIIEo0o58h13sw4GOMiw I2AgYm1Dh81OEAoLL3B5qzHmMjHBfo I5+1pa5SnCFyuwxfw95VYxYm9etnn6 o1vkvJr8eK6cwQ490Qy/0QLf0RO+/9q qFPVpeqpy1tla4pfjpxPbbvyqLc4Cj T9WfngMcYCn0arB3N2Rap9Db+srJ2c v28tZMbZau6Jn9X1KT7vkEduVVb2TE1 vkffjT2wjfGA1K+j+MnyM0nFUoqmYV EiqJRxTCJaczxPBaRwgbSyHL/Ci7Qw LU0Lq1Ia9J6u1TqiDRj+BLS5gc57pb8 </latexit><latexit sha1_ba se64="4dNiAHs2MCNMe7VMZZ2zy8yn /ck=">AAAClXichVHLSsNQED3GV302 6kLBjVgUV2UigiIIBUXc2ap9QJWSxKs G8yJJC7X0B/wBF7pRqCB+gB/gxh9w0 U8QlwpuXDhNA6KiTkjm3HPnTM69o7m m4QdEzQ6ps6u7pzfW1z8wODQcl0dGc7 5T9nSR1R3T8Qqa6gvTsEU2MAJTFFxP qJZmirx2vNraz1eE5xuOvRNUXbFnqY e2cWDoasBUSZZ3Ncfc96sWp1q1XrJK coKSFMbUT6BEIIEo0o58h13sw4GOMiw I2AgYm1Dh81OEAoLL3B5qzHmMjHBfo I5+1pa5SnCFyuwxfw95VYxYm9etnn6 o1vkvJr8eK6cwQ490Qy/0QLf0RO+/9q qFPVpeqpy1tla4pfjpxPbbvyqLc4Cj T9WfngMcYCn0arB3N2Rap9Db+srJ2c v28tZMbZau6Jn9X1KT7vkEduVVb2TE1 vkffjT2wjfGA1K+j+MnyM0nFUoqmYV EiqJRxTCJaczxPBaRwgbSyHL/Ci7Qw LU0Lq1Ia9J6u1TqiDRj+BLS5gc57pb8 </latexit><latexit sha1_ba se64="4dNiAHs2MCNMe7VMZZ2zy8yn /ck=">AAAClXichVHLSsNQED3GV302 6kLBjVgUV2UigiIIBUXc2ap9QJWSxKs G8yJJC7X0B/wBF7pRqCB+gB/gxh9w0 U8QlwpuXDhNA6KiTkjm3HPnTM69o7m m4QdEzQ6ps6u7pzfW1z8wODQcl0dGc7 5T9nSR1R3T8Qqa6gvTsEU2MAJTFFxP qJZmirx2vNraz1eE5xuOvRNUXbFnqY e2cWDoasBUSZZ3Ncfc96sWp1q1XrJK coKSFMbUT6BEIIEo0o58h13sw4GOMiw I2AgYm1Dh81OEAoLL3B5qzHmMjHBfo I5+1pa5SnCFyuwxfw95VYxYm9etnn6 o1vkvJr8eK6cwQ490Qy/0QLf0RO+/9q qFPVpeqpy1tla4pfjpxPbbvyqLc4Cj T9WfngMcYCn0arB3N2Rap9Db+srJ2c v28tZMbZau6Jn9X1KT7vkEduVVb2TE1 vkffjT2wjfGA1K+j+MnyM0nFUoqmYV EiqJRxTCJaczxPBaRwgbSyHL/Ci7Qw LU0Lq1Ia9J6u1TqiDRj+BLS5gc57pb8 </latexit><latexit sha1_ba se64="4dNiAHs2MCNMe7VMZZ2zy8yn /ck=">AAAClXichVHLSsNQED3GV302 6kLBjVgUV2UigiIIBUXc2ap9QJWSxKs G8yJJC7X0B/wBF7pRqCB+gB/gxh9w0 U8QlwpuXDhNA6KiTkjm3HPnTM69o7m m4QdEzQ6ps6u7pzfW1z8wODQcl0dGc7 5T9nSR1R3T8Qqa6gvTsEU2MAJTFFxP qJZmirx2vNraz1eE5xuOvRNUXbFnqY e2cWDoasBUSZZ3Ncfc96sWp1q1XrJK coKSFMbUT6BEIIEo0o58h13sw4GOMiw I2AgYm1Dh81OEAoLL3B5qzHmMjHBfo I5+1pa5SnCFyuwxfw95VYxYm9etnn6 o1vkvJr8eK6cwQ490Qy/0QLf0RO+/9q qFPVpeqpy1tla4pfjpxPbbvyqLc4Cj T9WfngMcYCn0arB3N2Rap9Db+srJ2c v28tZMbZau6Jn9X1KT7vkEduVVb2TE1 vkffjT2wjfGA1K+j+MnyM0nFUoqmYV EiqJRxTCJaczxPBaRwgbSyHL/Ci7Qw LU0Lq1Ia9J6u1TqiDRj+BLS5gc57pb8 </latexit>
Calculate
(10)
M (xn)
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Fig. 1. Overview of training procedure of proposed method.
where λ > 0, and ∂θ is the differential operator w.r.t. θ.
To apply a gradient-descent-type algorithm as in (2), derivatives
of both L and M are required for computing ∂θL(s,y). Since
∂θM is usually computed by the back-propagation, differentiabil-
ity of the cost function L is the matter for the algorithm. The mean
squared/absolute error [4] and SDR [6] are some examples of differ-
ential cost functions popular in speech enhancement. However, these
mathematically-defined cost functions do not guarantee to improve
the subjective sound quality of the enhanced signals [10] because
they do not take the perceptual concepts into account.
2.2. OSQA-based Cost Function for Speech Enhancement
Instead of such mathematically-defined differentiable cost func-
tions, some perceptually-motivated functions such as PESQ have
been considered in DNN-based speech enhancement. Let P(s,y)
be an OSQA score evaluated between s and y. To incorporate it into
training of DNN, two approches have been proposed [9–11].
The first approach [10] considered the expectation w.r.t. x,y,
LP = −E [P(s,y)]x,y , (3)
as the cost function. To calculate ∂θLP(s,y), Koizumi et al. [10]
considered a sampling algorithm used in RL. They rewrote (3) as
LP =
∫
p(x)
∫
P(s,y) qθ(y|x) dydx, (4)
where qθ(y|x) is a conditional distribution of y given x. As the goal
is to train a DNN for recovering y, qθ is considered to consist of a
DNN. Then, by using the log-derivative trick, ∂θLP is given by
∂θLP = E [P(s,y) ∂θ ln qθ(y|x)]x,y . (5)
When ln qθ(y|x) is differentiable w.r.t θ and y can be drawn from
qθ(y|x), (5) can be approximately calculated. The problem of this
approach is that training takes a long-time for stabilizing it. This is
because the expectation in (5) is numerically calculated by the Monte
Carlo method, and stabilization of the random-sampling-based ex-
pectation requires a huge number of samples.
The second approach, MetricGAN proposed by Fu et al. [11],
is based on function approximation of P(s,y). In this method, the
score of OSQA is approximated by using an auxiliary DNN D as
P(s,y) ≈ Dφ(s,y), (6)
where φ is the set of parameters of D. Since D is differentiable
w.r.t. y, ∂θDφ(s,y) can be calculated via back-propagation. In this
method, D and M are trained alternately. First, D is updated to
decrease the following cost function:
LD(GAN) = Eφ(s) + Eφ(y), (7)
where Eφ(·) is the mean-squared error (MSE) between true and es-
timated OSQA scores, Eφ(·) = (P(s, ·) − Dφ(s, ·))2. Then, to
updateM so as to obtain the best score for all x, the cost function,
LM(GAN) = (Dφ(s,y)− 1)2 , (8)
is minimized, where the OSQA score is assumed to be normalized
as 0 ≤ P(s,y) ≤ 1, and therefore P(s, s) = 1
It is known that training of GAN is difficult and unstable. Thus,
Fu et al. introduced several techniques, including the Spectral Nor-
malization [18], to stabilize the training of MetricGAN. However, as
can be seen in Fig. 2 of their paper [11], its training is still unstable
in the early stage of training (at around 20–50 iterations).
3. PROPOSED METHOD
Recently, several pieces of literature have reported that, based on the
relevance between GAN and RL, training of GAN can be stabilized
by adopting techniques of RL [19]. In addition, several techniques
for stabilizing DNN training have also been proposed in other areas
[19–23]. Therefore, we consider that the training of MetricGAN,
or the function-approximation-based approach, can be stabilized by
adopting such techniques. In this section, we describe the techniques
that succeeded to stabilize the training.
3.1. Techniques for Stabilizing DNN Training
3.1.1. Cost function for OSQA score approximation
First, we consider a cost function better than LD(GAN). Since LD(GAN)
consists of Eφ(s) and Eφ(y),D can know the OSQA scores of clean
and current-output signals s,y only, i.e., it cannot know the score of
noisy signal x. Then, it is difficult to approximate the score for nois-
ier signals as illustrated in Fig. 2-(a). Such lack of information on
P(s,x) should be the cause of the instability of training. Therefore,
we additionally supervise the OSQA score of a noisy signal as
LD =
M∑
m=1
Eφ(sm) + Eφ(xm) + Eφ(ym), (9)
whereM is the minibatch-size ofD’s training, and sm, xm, and ym
are the mth samples of clean, noisy, and output signal in the mini-
batch, respectively. Since three points (clean, current, and noisy) of
the score are informed to D, we can expect that D can learn better
as in Fig. 2-(b), andM can know which is a lower-quality signal.
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Fig. 2. Illustration of difference of OSQA approximation owing to
cost functions, (a) MetricGAN LD(GAN), and (b) Ours LD . The solid-
lines represent the true OSQA function, while dotted- and dashed-
lines are its approximation by D. Since MetricGAN trains D using
Eφ(s) and Eφ(y) only, D can become both dotted- and dashed-line
in (a). To inform OSQA score of noisy signal, our cost function
additionally uses Eφ(x) so that D becomes dotted-line in (b).
3.1.2. Training techniques
We also adopted some techniques in the training procedures. Here,
we provide a recipe including a pre-training method, optimizer and
minibatch-size selection.
(i) Pre-training: Training ofM based on a differentiable cost
function is easier than that of using OSQA scores. Although SDR
does not reflect the subjective sound quality, signals with higher SDR
tends to result in higher OSQA score. Therefore, pre-training of
M using SDR should be effective. Thus, before training by OSQA
score, we trainM using the SDR-based cost function [6] defined as
LM(SDR) =
N∑
n=1
clipα
[
10 log10
‖sn‖22
‖sn − yn‖22
]
, (10)
where clipα[x] = α · tanh(x/α), α = 20 is a clipping parameter,
N is the minibatch-size ofM’s training, and sn and yn are the nth
samples of clean and output signals in the minibatch, respectively.
After the pre-training ofM using (10), D is also pre-trained using
the cost function (9) with fixed M. In the pre-training stage, the
minibacth-size was set to 5 for both networks.
(ii) Optimizer: In MetricGAN, the adaptive moment estimation
(Adam) [20] was used as the optimizer for both M and D. How-
ever, it is known that the Adam optimizer may not improve the gen-
eralization performance compared to the stochastic gradient descent
(SGD) [21]. Therefore, we use the SGD optimizer instead of the
Adam optimizer in the training stage.
(iii) Minibatch-size: Since calculation of OSQA takes long
time, using a large minibatch-size is not practical. However, a
small minibatch-size may degrade the approximation accuracy of
the OSQA scores because the gradients become less accurate that
may results in unstable training. We experimentally found that the
minibatch-size M = 10 is the smallest size which stabilizes the
training of D in our experiment. Based on this finding, we use
minibatch-size N = 5 for M’s training. The reason for this se-
lection is based on the literature of the actor-critic algorithm in RL
which is an optimization method for the function-approximation-
based cost function. In the literature, it is known that the learning
rates of the actor (or M) and critic (or D) should be 2 : 1 [22].
In addition, recent research has reported that decreasing the learn-
ing rate has the same effect as increasing minibatch-size in some
situations [23], i.e., the learning rate and minibatch-size are related
inversely in these context. Thus, we set the minibatch-sizes to 1 : 2
(N = 5 and M = 10) based on the inverse relation.
3.2. Implementation
The proposed training procedure is summarized in Fig. 1. First,M
is pre-trained using the SDR-based function (10), and then D is also
pre-trained based on the fixedM as in the left-hand side of Fig. 1.
Next, we train M and D alternately as follows. The parameter φ
of D is updated ten times for decreasing (9). Then, the parameter
θ of M is updated twenty times for decreasing the following cost
function
LM = −
N∑
n=1
Dφ(sn,yn). (11)
Note that, while updatingM, D is fixed, and vice versa.
4. EXPERIMENTS
We conducted three experiments: (i) a verification experiment for
investigating the stabilization effect of the proposed method, (ii) an
objective experiment using a public dataset, and (iii) a subjective ex-
periment. In all experiments, we utilized the VoiceBank-DEMAND
dataset constructed by Valentini et al. [24] which is openly available
and frequently used in the literature of DNN-based speech enhance-
ment [5, 7, 8, 11, 12]. The train and test sets consists of 28 and 2
speakers (11572 and 824 utterances), respectively, and all signals
were downsampled to 16 kHz. As an example of OSQA to be ap-
proximated by the DNN, PESQ was considered in this section.
4.1. Experimental Setups
The DNN for estimating the T-F mask, M, consisted of two 2-
D convolutional neural networks (CNNs) followed by a 1x1 CNN,
two linear layers, and two bidirectional long short-term memory
(BLSTM)–layers. This setup is a standard architecture in DNN-
based speech enhancement [6]. The input of the DNN was log-
amplitude spectrogram of the observed signal x whose size was
F ×K. The kernel size, stride, and padding of both 2-D CNNs were
(5,15), (1,1) and (2,7), respectively. The number of output chan-
nels of the first and second 2-D CNNs were 30 and 60, respectively.
Then, the number of channels was decreased to 1 by the 1x1 CNN.
The dimension of the 1x1 CNN’s output (F × K) was changed
by the first linear layer to D × K. It was passed to the BLSTM
layers, and its forward and backward outputs were concatenated so
that the output size of this block was 2D ×K. It was converted to
2F × K by the last linear layer. Finally, the output was split into
two F × K matrices which were used as the real- and imaginary-
parts of the complex-valued T-F mask. The spectrogram F(x) was
multiplied by the estimated complex T-F mask and transformed back
to the time-domain as (1), where the STFT parameters, frame shift
and window size (= DFT size), were set to 128- and 512-samples,
respectively, with the Hann window. The DNN for approximating
PESQ, D, was the same network used in MetricGAN.
In the pre-training stage, D and M were trained 200 and 290
epochs, where each epoch included randomly selected 1,000 utter-
ances. We fixed the learning rate for the initial 100 epochs and then
decreased it linearly down to a factor of 100 using Adam optimizer,
where we started with a learning rate of 0.001. In the training stage,
SGD was used as the optimizer and the learning rate was set to 0.001,
and it was concluded after 2,000 updates.
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Fig. 3. Relationship between number of iterations and PESQ score
on test-dataset. Trial1, Trial2, and Trial3 represent the different seed
values for randomly choosing training-minibatch in training stage.
Table 1. Results of objective evaluation
Method PESQ CSIG CBAK COVL
Noisy 1.97 3.35 2.44 2.63
SEGAN [5] 2.16 3.48 2.94 2.80
MMSE-GAN [7] 2.53 3.80 3.12 3.14
DF-Loss [8] - 3.86 3.33 3.22
SERGAN [12] 2.62 - - -
MetricGAN [11] 2.86 3.99 3.18 3.42
Pre-train 2.73 3.73 2.55 3.20
Ours 2.93 3.72 2.64 3.29
4.2. Objective experiments
For the objective evaluation, we conducted two experiments. First,
we conducted an experiment for verifying whether the PESQ score
of the test-dataset was stably improved by increasing the number of
iterations. Figure 3 shows the relationship between the number of
iterations and the PESQ score test-dataset, where each minibatch in
training stage was randomly chosen by using a seed value. From
Fig. 3, the PESQ score was improved stably by increasing the num-
ber of iterations for all seed values used for choosing the minibatches
in traning stage. This result indicates that the proposed method suc-
ceeded to stabilize the training of DNN-based speech enhancement
for increasing the OSQA score.
Next, we compared the proposed method with the conventional
methods on the same dataset and metrics, where CSIG, CBAK, and
COVL are the popular predictor of the mean opinion score (MOS)
of the target signal distortion, background noise interference, and
overall speech quality, respectively [25]. In this evaluation, we
considered SEGAN [5], MMSE-GAN [7], Deep Feature Loss (DF-
Loss) [8], SERGAN [12] and MetricGAN [11] as the reference of
conventional methods because these methods have been evaluated
on the same dataset [24]. In addition to the proposed method, the
pre-trained networkM without the training using D was also eval-
uated (Pre-train) to investigate the performance improvement by the
proposed training for improving the OSQA score.
Table 1 summarizes the evaluated scores, where the proposed
method achieved the state-of-the-art score for PESQ compared to the
conventional methods. As the proposed method can be considered
as an improved version of MetricGAN, the higher PESQ score indi-
cates the effectiveness of the proposed method. Although the pro-
posed method did not outperform conventional methods on the other
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Fig. 4. Result of subjective evaluation.
metrics, it is a straightforward result because the proposed method in
this experiment was specialized to PESQ and did not take the other
scores into account. To improve these scores simultaneously, design
of mixed-OSQA as in [10] should be performed. However, since
there is no OSQA which perfectly correlates with the sound quality,
improving every OSQA score is not the essential goal for improving
the actual subjective quality, at least for the current standards.
4.3. Subjective evaluation
To confirm whether the proposed method improved the actual sub-
jective quality, we conducted a subjective experiment. The proposed
method was compared with SEGAN [5] and DF-Loss [8] because
speech samples of these methods are openly available in the web-
page [26]. We selected 20 samples from Tranche 1–4 data (low SNR
conditions) from the web-page. The speech samples of the proposed
method used in this test are also openly available1. Nine participants
evaluated the sound quality of the output signals according to ITU-T
P.835 [27]. The participants listened to each test sample three times
and evaluated the quality of only speech (S-MOS), only noise (N-
MOS), and overall (G-MOS). By evaluating S-MOS and N-MOS
before evaluating G-MOS, the situation that only either one of the
speech or noise affects the score of G-MOS was avoided.
Figure 4 shows the results of the subjective evaluation. The pro-
posed method outperformed SEGAN in terms of all factors, and out-
performed DF-Loss except N-MOS. In addition, statistically signif-
icant differences were observed in S-MOS and G-MOS between the
proposed method and the others according to the paired one sided
t-test (p < 0.01). This result suggests that the proposed method
improves not only objective metrics but also subjective quality.
5. CONCLUSION
In this study, we proposed the use of stabilization techniques to the
function-approximation-based method for stably improving OSQA
scores. For stably training the auxiliary DNN approximating OSQA,
we designed a new cost function (9) and adopted training techniques
as described in Sec. 3.1.2. Experiments showed that the proposed
method (i) was able to stably train the DNN, (ii) achieved the state-
of-the-art PESQ score on the public dataset, and (iii) obtained better
subjective quality than the conventional methods. Thus, we con-
cluded that the proposed method is effective for (i) stabilizing the
training of DNN-based speech enhancement for increasing OSQA
score, and (ii) improving subjective quality of the enhanced signal.
1https://miyazaki-lab.github.io/icassp2020_demo/
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